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DO YOU KNOW .... 


p> .... That after 38 years we can 
say it again? 


1. Everyone should be a member of 
the Society that represents his profes- 
sion. The first estimate of the teacher 
of engineering is often made by the 
membership list of this Society. The 
reputation of the men whose names 
are found there gives real prestige to 
every teacher who is a member. 

2. Every live teacher should possess 
the technical information on teaching 
made available through the JouRNAL 
or ENGINEERING EpucaTion, the pub- 
lication of the American Society for 
Engineering Education. 

3. The up-to-date teacher, as never 
before, must meet with other teachers 
to discuss the live problems of his 
profession. 

4, One should do something for his 
own profession. The American So- 
ciety for Engineering Education is 
doing great work for engineering edu- 
cation, and every man in that profes- 
sion should do his part. 

5. The young men of today will be 
the leaders of the profession tomorrow. 
Therefore, let every young, growing, 
progressive engineering teacher ask 
himself these questions: “Can I afford 
not to be a member of the American 
Society for Engineering Education? 
Can I afford not to enroll in the ranks 
of successful members of my profes- 
sion? Can I afford to stand idly by 
while others no better qualified reach 
preferment? Can I afford to belong 
to a profession if I do not strive to 
make it broader, better, and brighter, 
by my own individual efforts?” 


Except for the name of the Society 
and the name of the Journal, the above 
material is an exact quote from the 
program for the 29th Annual Meeting 
of the Society at Yale University in 
1921. The program was thoughtfully 








sent to the Secretary by L. W. Hitch- 
cock, Professor Emeritus at the Uni- 
versity of New Hampshire. 


®& .... That the countrys non- 
commercial educational television sta- 
tions have nearly doubled production 
of programs in science and technol- 
ogy during the past year? A news 
release from the Educational Televi- 
sion and Radio Center of Ann Arbor, 
Michigan, states that six new stations 
are in operation since the spring of 
1958 and that the majority of stations 
are increasing the daily period of 
broadcasting. It says that the most 
outstanding change in ETV program- 
ming this year is reflected in the large 
increase in programs designed to teach 
course material to classroom students. 
Grants from the Fund for the Ad- 
vancement of Education have stim- 
ulated these TV-teaching programs. 


e& .... That an Educational Tele- 
vision Newsletter is published by the 
committee on Television of the Amer- 
ican Council on Education? Those 
interested in this new educational 
tool, either on an open or closed cir- 
cuit basis, will find much interesting 
information and many valuable refer- 
ences to recent reports in its four 
pages. The address of ACE is 1785 
Massachusetts Ave., N. W., Washing- 
ton, D. C. 


» .... That the National Defense 
Education Act authorizes three mil- 
lion dollars for the first year and five 
million dollars for each of the three 
succeeding years to support research 
projects in educational television, ra- 
dio and motion pictures, and related 
communications media? The Office 
of Education is prepared to consider 
applications for funds. They should 
be sent to the Director, Communica- 
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tions Media Research Program, Office 
of Education, Department of Health, 
Education, and Welfare, Washington 
25, D. C. The Office of Education 
also has sponsored a meeting of repre- 
sentatives of interested organizations 
for the purpose of designing a broad 
framework for research in this educa- 
tional area. 


& .... That the young engineer- 
ing teachers of the North Midwest 
Section had their own two-day meet- 
ing for the fifth time? There were a 
total of forty-four registrants with 
twenty-six coming from institutions 
other than the University of Wiscon- 
sin. The program had as its theme 
“The Young Engineering Teacher—His 
First Five Years of Professional De- 
velopment.” The meeting was held 
in conjunction with the meeting of 
the North Midwest Section at Madi- 
son, Wisconsin. The formal presenta- 
tions and discussions centered on the 
responsibility of the individual, what 
industry can do, and what the institu- 
tions can do. Perhaps this successful 
plan contains some elements for other 
Sections to adopt. 


&> .... That the RWI Division is 
interested in the study of migration 
of engineers from industry to facul- 
ties? One large corporation informally 
reported that in a year’s time 12 were 
lost and 7 gained; another reported 
that 38 were lost and 25 gained. 


& .... That the RWI Division 


also is interested in a study of “pro- 
fessional climate”? Much of the re- 
cent meeting of its steering committee 
was devoted to a discussion of its 
meaning, an understanding of it, and 
its achievement. Professor J. M. Eng- 
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lish of UCLA has been named chair. 
man of a committee to define and dis. 
cuss this problem. There are many 
intangibles, but the right professional 
climate means that each man is chal- 
lenged to his fullest. The attitudes of 
both management and the individual 
are involved, and education, too, has 
some responsibilities. 


& .... That the College-Industy 
Conference is being held at Houston, 
Texas on Jan. 26 and 27? The theme 
is “Industry Speaks Its Mind on En- 
gineering Education.” On Monday 
morning there will be discussions on 
four aspects of the theme, on Monday 
afternoon there will be group meet. 
ings for the discussion of each aspect, 
and on Tuesday morning a general 
meeting to correlate the discussions 
of the previous day. The four general 
aspects are scientific vs. production 
viewpoints; the team concept; federal, 
corporation, and private practice; and 
obsolescence in engineers. 


& .... That UPADI—Union Pan. 
americana de Asociaciones de In 
genieros or the Pan-American Asso- 
ciation of Engineering Societies—te- 
cently published the first list of the 
colleges of engineering in each of the 
22 member countries? The curricula 
offered by each also are tabulated. 
There are 91 schools outside the U. §, 
19 being in Mexico, 15 in Columbia, 
13 in Brazil, and 12 in Canada. For 
the U. S. the schools having ECPD 
accredited curricula are listed. Copies 
of the booklet, in Spanish, may be ob- 
tained at no cost from Engineers Joint 
Council, the U. S. representative of 
the engineering societies. 


W. LEIGHTON COLLINS 
Secretary 
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ASEE MISSIONS ABROAD 


MISSION TO INDIA 


The Government of India, through 
its Ministry of Scientific Research and 
Cultural Affairs, has requested tech- 
nical advice and assistance in formu- 
lating plans to establish a new in- 
stitute of technology at Kanpur, in 
northern India. At the request of the 
International Cooperation Administra- 
tion, ASEE has furnished this assist- 
ance in the form of a team of six ex- 
perienced educators in the engineering 
field going to India for a period of 
two months beginning November 27, 
1958. The general headquarters of 
the group is New Delhi, but a number 
of other institutions, as well as Kan- 
pur, are being visited. 

During its visit the group is con- 
ferring with appropriate Indian offi- 
cials to develop, discuss, and evaluate 
plans of the Government of India for 
the expansion of engineering educa- 
tion, particularly the establishment of 
the technical institute at Kanpur. If 
the establishment of the institute is 
desirable, the group will prepare a 
comprehensive report giving recom- 
mendations for the pattern of the pro- 
posed institution with respect to size, 
physical plant, laboratory facilities, or- 
ganization, curricula, teaching meth- 
odology, educational philosophy, ex- 
amination system, library, personnel 
services, recreation facilities, and all 
other details involved in the estab- 
lishment of such an institute. This 
report is to be submitted prior to 
leaving India. 

If the preliminary report is accept- 
able to the Government of India, a 


MISSION TO RUSSIA 


Eight American engineering pro- 
fessors visited Russia in November 
and December in the first critical 
post-war study of the U.S.S.R.’s facil- 





second, more detatiled report will be 
prepared after the group has returned 
to the United States. This will consist 
of preliminary plans for grounds, 
buildings, and equipment, and an 
estimate of the total cost. 

ASEE has contracted with the In- 
ternational Cooperation Administra- 
tion to carry out the project, estimated 
to cost $88,800. The Director of the 
team is Dr. William E. Stirton, Vice 
President of the University of Mich- 
igan, and Dean of its new Dearborn 
Center. The Deputy Director is 
Nathan W. Dougherty, Dean Emeritus 
of the University of Tennessee, and 
the secretary is Mr. Leslie Mayberry 
of Chicago, Illinois. Other members 
are: 

Whitney C. Huntington, Professor 
Emeritus and former head of the De- 
partment of Civil Engineering at the 
University of Illinois and consultant 
for Harland Bartholomew and Asso- 
ciates. 

Deane G. Carter, Professor Emer- 
itus of Agricultural Engineering at the 
University of Illinois and for three 
years Coordinator of the International 
Cooperation Programs. 

Royal W. Sorensen, Professor Emer- 
itus and former head of the Depart- 
ment of Electrical Engineering at the 
California Institute of Technology and 
consulting engineer. 

John C. Georgian, Professor of Me- 
chanical Engineering, Washington 
University, who already has spent two 
years in India. 


ities for the education of engineers. 
The mission was a project of ASEE 
in cooperation with the East-West 
Contacts Staff of the State Depart- 


Jrl. Eng. Ed., V. 49, No. 4, January 1959 








294 JOURNAL OF ENGINEERING EDUCATION 


ment, and was made possible by a 
$29,000 grant from the National Sci- 
ence Foundation. 

Plans called for visits to schools and 
officials in Kharkov, Stalinsk, Tomsk, 
Novosibirsk, Frunze, and Moscow. 
The objective of the trip, which ended 
early in December, was the establish- 
ment of new viewpoints which may 
help American colleges and univer- 
sities meet the Russian challenge in 
the field of scientific and engineering 
education. Since the general ap- 
proach was to be similar to an ECPD 
inspection, the team was made up of 
individuals having extensive experi- 
ence of that type or having a com- 
prehensive knowledge of the Russian 
language. 

Dr. Frederick C. Lindvall, chair- 
man of the Division of Engineering at 
the California Institute of Technology 
and past president of ASEE, was 
chairman of the mission. Professor 
Newman A. Hall, Head of the Depart- 
ment of Mechanical Engineering at 
Yale University, was secretary. Other 
members were: 

William T. Alexander, Dean of En- 
gineering at Northeastern University, 
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Boston, Mass., and President of ASEE, 
Dr. William L. Everitt, Dean of En- 
gineering at the University of Illinois, 
President of ECPD, and past presi- 
dent of ASEE, 
_ Professor Ralph E. Fadum, Head of 
the Department of Civil Engineering 
at North Carolina State College, 

Dr. Albert G. Guy, Professor of 
Metallurgical Engineering at Purdue 
University, 

Dr. Ralph A. Morgen, Director of 
the Purdue Research Foundation, and 

Dr. Leon A. Trilling, Associate Pro- 
fessor of Aeronautical Engineering at 
the Massachusetts Institute of Tech- 
nology. 

Members left New York for Copen- 
hagen November | and entered Russia 
November 11. Their plans called for 
visits to at least 20 schools and educa- 
tional organizations. At each school 
the mission planned to visit adminis- 
trators and teachers, observe classes 
and laboratory facilities, study re 
search activities, and collect syllabi, 


textbooks, and other material not now | 


available in the United States. A re 
port from this group follows on the 
next page. 


NEW ENGINEERING BUILDING AT NYU 


Ground was broken in November for the new Gould Hall of 
Technology at New York University’s Bronx campus. Completion 
of the $2,000,000 engineering and technology building is anticipated 


by the early summer of 1960. 


Participating in the groundbreaking ceremony was Mrs. Florence 
Gould, widow of the late Frank Jay Gould. Mr. Gould, an alumnus 
and an outstanding benefactor of the University, gave the money for 
the building prior to his death in 1956. 

Gould Hall of Technology will be a four-story and lower-level 


structure standing on the west side of the campus. 


Its multi-pur- 


pose facilities will include instructional laboratories that also can be 
used for small lecture classes and general-use seminar rooms 
equipped for slide and film projection and television. 

The exterior of the building will feature stonework correspond- 
ing with that in the Hall of Fame for Great Americans, which also is 


located on the campus. 
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Preliminary Report of the 
ASEE MISSION TO RUSSIA 


Engineering education of sound 
quality is effectively integrated into 
the planned economy of the U.S.S.R. 
This was one of the major observa- 
tions of the eight man mission of U. S. 
engineering educators who returned 
in December from a three weeks study 
in the U.S.S.R. Among their observa- 
tions were the dynamic character, the 
continuous process of re-evaluation, 
and the ability of such a controlled 
system to adjust to the inevitable 
variations in the capabilities at both 
the student and faculty level. 

The mission was sponsored by 
ASEE and the National Science Foun- 
dation with the cooperation of the En- 
gineers’ Council for Professional De- 
velopment. 

This mission was initiated by the 
Department of State under an agree- 
ment with the U.S.S.R. for the ex- 
change of scientific and cultural dele- 
gations. A comparable Soviet educa- 


ASEE Russian Mission members, left to right: front row—Dean William L. Everitt of 
Illinois, Prof. Newman A. Hall of Yale, Prof. F. C. Lindvall of Cal. Tech., and Dean William 
T. Alexander of Northeastern; back row—Prof. Ralph E. Fadum of North Carolina State, 
Director Ralph A. Morgen of Purdue Research Institute, Prof. Leon Trilling of M.L.T. and 
Prof. Albert G. Guy of Purdue. 





tional mission is expected to visit the 
United States in February 1959. 

Members of the U. S. delegation 
visited twenty-five teaching and re- 
search institutions in Moscow, Lenin- 
grad, Kuibyshev and Frunze. The 
last is the capital of the Kirgiz Soviet 
Socialist Republic, situated on the 
border of China some 2,100 miles 
southeast of Moscow. Frunze was of 
particular interest because its engi- 
neering school is new, growing rap- 
idly, and planned to meet the particu- 
lar needs of an expanding industrial 
and agricultural economy. 

The whole economy of the U.S.S.R. 
is integrated into a broad plan admin- 
istered by an agency known as GOS- 
PLAN. The formulation of the por- 
tion of the master plan related to 
engineering education is the respon- 
sibility of the Ministry of Higher 
Education. 

A long range plan covering a period 





Jri. Eng. Ed., V. 49, No. 4, January 1959 













































normally of five years (currently seven 
years) is formulated first. Each year 
this master plan is modified to take 
into account the accomplishments ac- 
tually achieved in the previous year. 
The plan considers the needs of the 
whole Soviet Union in the light of: 


a) the expansion of industrial plant 
capacity, 

b) the need for replacements, 

c) the replacement by professional 
people of non-professional per- 
sonnel not adequately trained. 


The seven year plan now being for- 
mulated contemplates that an average 
of 350,000 graduates in all professional 
fields (engineering, science, medicine, 
languages, etc.) will complete their 
training each year. This is an increase 
of 40% over the average of the past 
seven years, but in engineering it is 
proposed that the increase shall be 
90%. 

The master plan specifies: 


a) the number who may enter the 
institutions of higher education, 

b) the number who may train for 
each field of specialization, 

c) the quota of each specific insti- 
tution for each specialty, 

d) the jobs which will be available 
at the time of graduation. 


Such planning demands that each 
student (at present upon graduation 
from the ten year school at the age of 
17 or 18) must choose irrevocably a 
narrow field of specialization when he 
applies for admission to college. Al- 
ternatively, he may postpone this de- 
cision by entering industry and, under 
changes now contemplated, this pe- 
riod of industrial experience may be- 
come obligatory. The rules allow the 
student to apply for only one field of 
specialization in one institute in a 
given year. Furthermore, he commits 
himself to work in the particular phase 
of industry for which the course is de- 
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signed. If he fails to secure admission 
in a severe competition ( but one which 
varies in its severity with the field and 
institution), he may not apply for 
higher education for another year. 

While the student makes a commit- 
ment as to his field, the goals and ob- 
jectives of the plan may be changed 
by the State from time to time. Thus, 
specific curricula at certain schools 
may be eliminated. The students 
then enrolled in such curricula will be 
shifted to a similar specialty in which 
additional manpower is needed. 

As indicated above, changes in the 
program are now under consideration. 
These include: 


a) revision of the amount of indus- 
trial practice required, 

b) broadening of the base of some 
curricula, 

c) changing the number of stu- 
dents in specialties to fit the re- 
vised industrial program. 


Since Soviet engineering education 
is planned to fulfil the specific needs 


of the State it is tailored in consider- | 


able detail to the jobs to which the 


young engineer will go upon gradua- | 


tion. The curricula are narrowly spe- 
cialized in their objectives and pre- 
pare the students to be immediately 
useful to industry with a minimum of 
additional training. This results in 
dividing engineering into some 160 
separate specialties such as mechan- 
ical engineer-automobile designer or 
mechanical engineer-automobile main- 
tenance. This contrasts sharply with 
less than 20 fields accredited in the 


U. S., of which the great majority of f 
students are included in about five | 


fields. 

The duration of the full-time day 
program is five or five and one half 
years. The first two years are broadly 


based on mathematics and science? 
But from the day of his matriculation 


the student pursues a specialty. For 
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Jan., 1959 ASEE MISSION TO RUSSIA 
the most part he meets, in lectures or 
laboratories, only with other students 
taking the same program. The illus- 
trations in mathematics, physics, chem- 
istry, mechanics etc., are selected to 
emphasize their application to his 
field. The last three years consist of 
increasingly specific courses, often 
built around design projects, indus- 
trial practice, and an elaborate di- 
ploma project requiring one semester 
of full time work. These projects in- 
volve extensive detailed drawing and 
are intended to acquaint. the student 
both with principles and prevailing 
practice in his specialty. 

The young Soviet engineers are well 
grounded and their best men are as 
good as any in the world. However, 
it appears to the delegation that many 
must be limited in their outlook by 
knowing little engineering outside 
their own narrow field. 

Nowhere is the engineer and scien- 
tist held in higher regard than in the 
U.S.S.R. Engineering students and 
practicing engineers are exempt from 
military service. Indeed, engineers 
and scientists are among the aristoc- 
racy of Soviet society. There is, there- 
fore, strong motivation and _ social 
pressure to aspire to such careers. 

An engineering education opens the 
door to positions of high rank. On 
the other hand, to achieve such posi- 
tions without some type of diploma 
would appear virtually impossible. In 
general, the limit of achievement of 
the non-graduate in an industrial en- 
terprise is the position of foreman, 
while this is considered the minimum 
position for a graduate. 

A motivation factor not to be un- 
derestimated is the strong devotion to 
a system that greatly encourages edu- 
cation. Those who qualify for admis- 
sion to an institution of higher learn- 
ing need not be concerned because of 
a lack of financial resources. Grants 
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are provided by the State in sufficient 
amount to care for basic needs. 

A system that offers such unique 
advantages to the educated instills a 
strong desire for higher education in 
the youth of both sexes. Currently 
about one-third of the total enroll- 
ment in the schools of engineering 
technology is comprised of girls. 
Competition for admission is keen. 
The planned economy provides one 
opportunity for every three to nine 
applicants, depending on the prestige 
of the institution and the importance 
attached to the specialty. Since stu- 
dents may make only one application 
for admission in a given year, the less 
able are motivated to apply for ad- 
mission to a specialty in which there 
is a minimum of competition, rather 
than to the specialty of their first 
choice. 

As a result of these factors a seri- 
ousness of purpose pervades the class 
room and laboratory. This is clearly 
evident to the most casual observer. 
The students themselves have a gen- 
uine respect for intellectual achieve- 
ment and disdain for the laggard. 
For example we saw cartoons on bul- 
letin boards drawn by students to 
scold those who do poorly in their 
work. We also saw a statue of a stu- 
dent studying his lesson on the way 
to class and were told that poor stu- 
dents are hazed by their fellows be- 
fore this symbol. In this atmosphere 
approximately 90% of those who gain 
admission to the day schools complete 
diploma requirements and 50% of 
those in evening and correspondence 
programs graduate. 

It was also observed that the edu- 
cational system is able to adapt itself 
not only to changing industrial needs 
but also to the wide ranges in human 
interest and ability. The system rec- 
ognizes the tendency of the most able 
people in intellectual fields to make 
their best contributions when asso- 


ciated with others of comparable at- 
tainment and in an environment quite 
largely of their own choosing. It was 
observed that able people in the 
U.S.S.R. prefer to work in the larger 
cities and the older institutions, where 
cultural and intellectual activities are 
most widely available. Hence, the 
strongest faculties were found to be 
associated with educationa! institu- 
tions in these centres. While the de- 
tailed program for a given specializa- 
tion is the same for a large number of 
institutions offering a given specializa- 
tion, the Ministry of Higher Educa- 
tion recognizes that the level at which 
these topics will be taught must de- 
pend upon the background and ability 
of the professors. 

Some fourteen outstanding institu- 
tions offer more advanced and indi- 
vidualized curricula. These institutions 
are given greater freedom in changing 
their curricula from the prescribed 
pattern. Modifications of appreciable 
magnitude are usually approved by 
the Ministry with little delay. These 
institutions as well as the stronger in- 
dustrial groups and research institutes 
are expected to provide leadership in 
changing programs to meet new sci- 
entific and engineering developments. 
It also appears that competition to en- 
ter these institutions is keener and 
they attract the most able students 
from all over the Soviet Union. 

For several years there has been 
much expressed difference of opinion 
in the U.S. concerning the quality of 
technological education in the U.S.S.R. 
This mission has had the opportunity 
to observe classes in operation, talk 
with teachers and examine curricula. 
It is clearly evident that thorough, 
scientifically based programs of study 
are in operation. 

Laboratory equipment is of good 
quality and in ample supply but varies 
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appreciably between institutions. In 
addition, considerable imagination has 
been used in developing equipment to 
demonstrate basic principles. Text- 
books appear to be in ample supply 
and carefully prepared. They are en- 
cyclopedic in nature and include much 
practical information in addition to 
the theory. Furthermore, an extensive 
background in mathematics is re- 
quired to follow accurately much of 
the text material. It appears that the 
entering student knows as much math- 
ematics and somewhat more physics 
and chemistry than college freshmen 
entering the better engineering schools 
in the U.S. A. The Soviet 5 and 5% 
year curricula afford time to give a 
good theoretical background in addi- 
tion to much practice with problems 
specifically related to the student's 
specialty. However, it is believed 
that engineering education in the 
U.S.S.R. cannot be compared realis- 
ticaly with that in the United States 
because it is tailored to quite a differ- 
ent system. 

The delegation was accorded every 
courtesy by the Ministry of Higher 
Education and by the faculties of the 


institutions that were visited. Com- | 
petent interpreters were made avail- | 


able, who also became friends we 
would like to see again. Transporta- 
tion facilities were on hand whenever 


needed—from Leningrad to Frunze, f 


a range of 2,500 miles. 

A genuine spirit of friendliness pre- 
vailed in the discussions of educa- 
tional matters, which were free and 
uninhibited. Much interest in devel- 
opments in U.S. education was mani- 
fested and a strong desire was indi- 
cated for participation in exchange 
missions to the U.S. We look for. 
ward with pleasure to the visit of the 
U.S.S.R. delegation. 
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THE BEST IS NONE TOO GOOD 


LEE A. DuBRIDGE 


President, California Institute of Technology 


Address given at the Conference on Engineering and Scientific Educa- 
tion on recep 1, 1957, rom yor Beach Hotel, Chicago, Illinois. 


Others have made the principa 


points in this address, but few have 


made them more clearly or supported them so well with facts and 


figures. 


In this Conference on Engineering 
and Scientific Education we have rec- 
ognized a few basic and undeniable 
facts: (1) as any society becomes 
more technologically complex it re- 
quires that an ever larger fraction of 
its working force shall have technical 
training; (2) these technically trained 
people—the scientists and engineers— 
are indispensable to any modern so- 
ciety; they are, in fact, the creators of 
our society; they are indeed the 
“foundation of its strength”; and (3) 
unless such men and women are first 
found and then educated, we will not 
have them—and an important element 
of our strength will be missing. 

And so today our attention has been 
focused in a most illuminating way 
just at the heart of the problem—how 
do we best find and educate the grow- 
ing number of scientists and engineers 
that our society will need in order to 
build sound foundations of strength 
for the future? For it is now evident 
that we can no longer “trust to luck” 
that an adequate number of qualified 
technical men will somehow appear. 
We must evolve a national program 
to insure the supply. 

Now I suppose the problems of 
higher education generally—and the 
education of scientists and engineers 
in particular—can be summed up in 
four questions: 


1. How many shall we educate? 
2. How well shall we educate them? 
3. How much will it cost? 

4, Where do we get the money? 


Unfortunately, these four questions 
are not unrelated. The number we 
can educate is not independent of the 
quality of education we give, and 
both will be critically affected by the 
funds made available. Also, to a 
large extent, funds will come only in 
response to proved needs and proved 
achievement. Hence we must, in 
seeking new funds, be prepared to 
answer Clearly the first two questions, 
which I shall refer to as the questions 
of quantity and of quality. 


As to Quantity 


The quantitative side of higher edu- 
cation has received great attention. 
It deserves to! The quantitative prob- 
lem is terribly important. There is 
just no question about the fact that 
the American people are determined 
to see to it that not less than 30 per 
cent of their children enter college, 
and the chances are better than even 
that in 10 years, more or less, the goal 
will be approaching 50 per cent. In 
some of the more prosperous states 50 
per cent of the high school graduates 
now enter college. (The figure was 
59 per cent in California this year— 
thanks in large measure to our junior 
college system. ) 

Now, since all the children who will 
reach the age of 17 years during the 
next 17 years have already been born, 
we can easily count them and thus 
find out how many potential college 
entrants there will be each year. This 
has been done—and the figures are 
pretty staggering. The number of 17- 
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year-olds who could potentially be 
applicants for admission to our insti- 
tutions of higher education was 2,300,- 
000 in 1956, and will be 3,900,000 in 
1972, an increase of 70 per cent. If, 
in addition, the fraction of these who 
enroll in college continues to increase 
as in the past, we would have more 
than doubled enrollments by that 
year. 

In other words, if our present great 
educational system of 1800 junior col- 
leges, colleges and universities is just 
adequate for present enrollments (and 
I hear little complaint about space 
going to waste! ) then we are going to 
have to build the equivalent of 1,800 
more colleges by 1972. We must 
double in 15 years the plant that has 
taken 300 years to build! We won't 
actually double the plant, of course, 
for many schools can double enroll- 
ment with possibly only a 30 to 60 
per cent increase in plant size. But, 
in any case, the task is staggering; it 
will cost for physical facilities alone 
at least 10 billion dollars, possibly 15 
billion, by 1972—say a billion dollars 
a year in capital funds. 

We now spend 3 billion dollars a 
year in operating our universities and 
colleges—an average of about $1,000 
per student (much higher, of course, 
in engineering). It is unlikely that 
the cost will go down; in fact, to bring 
faculty salaries to where they should 
be it must go sharply up. Thus we 
should add a billion dollars a year 
immediately to the budget, and by 
1972, even if we are then spending 
only $1400 per student, we will need 
8 billion dollars a year for higher edu- 
cation—in addition to the billion a 
year needed for plant additions. 

As President de Kiewiet of the Uni- 
versity of Rochester recently remarked 
in a brilliant paper on the subject, 
“All this is absurdly too much.” “Or,” 
he adds, “is it?’ He goes on to point 
out that American industry is spend- 
ing at the rate of 25 billion dollars a 
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year for new plant facilities. (South- 
ern California alone is spending a bil- 
lion dollars a year for new industrial 
plant.) American Telephone and 
Telegraph spent a billion dollars last 
year on new telephone equipment. If 
we can spend that much on helping 
people talk to each other, might we 
not spend an equal amount in helping 
them have something to talk about? 
There are at least a half dozen U. S. 
corporations that each have annual 
gross sales of over 3 billion dollars a 
year. Furthermore, 3 billion dollars 
a year is only 75 cents out of each 
hundred dollars of Gross National 
Product. In 1972, 8 billion dollars 
will be only $1.30 out of each $100 
of projected GNP for that year. I 
cannot believe that will bankrupt us! 

The bill has got to be met. The 
American people have decided to 
have more children and will not toler- 
ate having half of their qualified 
youngsters refused admission to col- 
lege. The only question is: When 
shall we pay, and how? Shall we 
meet the bill soon enough—or too 
lateP Shall we meet it by private gifts 
or by taxes, or by how much of each? 

So much for the quantitative side— 
a staggering job to be done at a stag- 
gering price, but a quite manageable 
job for the American people. 

Let me add one more point. It is 
not the universities that are begging 
for all this money for their own 
aggrandizement. Most universities 
would prefer to stay at their present 
size—and just turn away an ever larger 
fraction of the less-than-brilliant ap- 
plicants. It is up to the American 


people to decide whether they want " 
this solution or not. If not, they must [ 


pay the bill. 
As to Quality 


But the quantitative problem is not [ 
Americans can | 


the most serious one. 


scrape up an additional 3 or 4 billion 
dollars a year by 1972 if they have to, 
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and want to. Much more difficult— 
and more important—than the ques- 
tion of how many students are to be 
educated is the question of what qual- 
ity shall the education be. 

Unfortunately, in speaking of qual- 
ity the problems cannot be stated in 
numbers. We can perfectly easily 
determine that one university is pro- 
ducing 5,000 graduates a year and an- 
other only 500. But there is no way 
on earth of measuring in numbers 
which group of graduates has had the 
better education. 

There are, of course, ways of de- 
termining that a larger fraction of 
the graduates of University A appear 
in Who’s Who than of University B. 
But is this because A attracts brighter 
students in the first place, or because 
it really gives a better education to 
comparable students? Or do most of 
B’s students become farmers and not 
get listed in Who’s Who? 

We can learn too that the faculty 
members of University A publish 
more papers than do the faculty mem- 
bers of University B. But are they 
better papersP And does the faculty 
also do a better job of education? 
How shall we tell? 

All this does not mean we can dis- 
miss the quality problem. Quite the 
opposite! It means we must take off 
our coats and go to work and examine 
with great care the things we should 
expect our universities to be doing for 
each different type of student. For 
the fact is that though quality is dif- 
ficult to express in numbers it is, 
nevertheless, a most conspicuous fea- 
ture of higher education. Any well 
informed person knows perfectly well 
which are the finest educational in- 
stitutions of the country. 

Fortunately, the quality of educa- 
tion in science and engineering can 
be judged more satisfactorily than can 
higher education as a whole. Not 
that quality judgment for higher edu- 
cation is impossible, or for technical 
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education is easy. But there are qual- 
ity criteria in technical education for 
which we can find moderately good 
measures. 

The conclusive test of what the 
quality of an educational institution 
has been is, of course, the quality of 
the alumni. If the alumni of 25 years 
ago appear to have attained, in rela- 
tively substantial numbers, positions 
of high achievement in science and 
engineering, and if they occupy posts 
of responsibility in government, in in- 
dustry and in universities, we can then 
surely conclude that 25 years ago 
that institution was doing a fine edu- 
cational job—or, at least, it was at- 
tracting exceptionally able students. 

If we seek to evaluate the institu- 
tion of 5 years ago, we are on less 
sure ground, for the alumnus of 5 
years back has not yet had time to 
prove himself—some may indeed still 
be in graduate school. We can still 
learn much about the quality of these 
alumni, however, even though we can 
be less certain of our conclusions. 

In any case, a long history of alumni 
success is the earmark of the great in- 
stitution. And since greatness has 
tremendous inertia—i.e., it is difficult 
to achieye but, once established, has 
a tremendous tendency to persist—we 
are usually safe in taking past per- 
formance, if consistently maintained, 
as a good measure of present quality 
or the lack of it. We must, however, 
always be on the lookout for the rising 
young institution. 

Now if the measure of past achieve- 
ment in a given field is the success of 
the alumni, then we must ask what are 
the sources of this success? What 
factors make for continuing high qual- 
ity? There are, I think, at least four: 


. quality of students, 

. quality of faculty, 

. quality of leadership, 

. quality of teaching and research 
facilities. Each of these factors 


Hm COL 


is worth a brief discussion. 





Students—The matter of student 
quality is not usually given adequate 
nor adequately candid attention. The 
blunt fact is that by any sort of test 
of intellectual ability ever given, the 
average quality of students at some 
institutions is very substantially higher 
than that found at others. In fact, 
the upper quartile of students at some 
colleges may hardly come up to the 
lower quartile at others. 

Now I do not say this is bad; in 
fact, I believe it is good and should 
be encouraged. I believe top-grade 
students will get a better education if 
they are in a place where there is stiff 
competition. And less able students 
will also do better if they are not 
hopelessly outclassed by their col- 
leagues. 

It needs to be realized that in tech- 
nical subjects—in subjects like mathe- 
matics and physics which require a 
high degree of quantitative imagina- 
tion—the difference in performance 
between a top student and a mediocre 
student is really very great. It is far 
greater than the difference suggested 
by giving the one a grade of 99 per 
cent and the other 60 per cent, for ex- 
ample. It is not a ratio of 5 to 3, but 
a ratio of 5 to 1, or 10 to l—or, occa- 
sionally, 100 to 1—that we are deal- 
ing with. Now I think you will agree 
that trying to accommodate in one 
class a spectrum of student achieve- 
ment ranging over a ratio of 10 to 1 
presents serious difficulties, to say the 
least. That means, for example, a 
problem assignment which takes 2 
hours for the best student takes 20 
hours for the least able student. So, 
if we compromise and let the slowest 
student off with 5 hours of work, the 
best student may not be challenged 
at all. How we attack this difficult 
problem is one of the prime questions 
of technical education. 

There are some people who will say 
we need not worry about the out- 
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standing student—he will take care of 
himself. And they will point to the 
Thomas Edisons and Charles Ketter- 
ings who had very little formal edu- 
cation at all. But I think this attitude 
is wrong—very wrong. The future 
creative leaders of our science and 
technology should have the most chal- 
lenging opportunities to develop their 
capacities—intensively and early. You 
can point to certain great scientists 
and engineers who were self-taught— 
but I can point to many, many more 
who developed under the challenging 
and understanding encouragement of 
a great teacher—an Ernest Rutherford, 
a Niels Bohr, or a Robert Millikan, to 
name but three in my own field of 
physics. There are so many examples 
of a great scientist building up a 
school from which other great scien- 
tists have come, that we are forced 
to the conclusion that even if we ad- 
mit that a few come through hand- 
somely, even though neglected, we 
can substantially increase the yield of 
good technical people if we provide 
the stimulation, the encouragement 


and the practical help that a high- | 


quality educational center can give. 
Maybe the most important function of 
a great center or a great teacher is 
just to attract the best students and 
let them stimulate each other. If so, 
that is a most significant contribution. 
Of this I am sure: No institution can 
be better than the quality of the stu- 
dents it attracts. 

If, then, we have a problem both of 
increasing the number of students and 
improving quality in our educational 


system, what shall we do about stu- © 
dent ability? Shall we, as enrollments 
tend to rise, simply tighten up the ad- | entist 
severe 


missions policies of our engineering 


schools, cutting off, say, by 1972, the | 
lower half or two-thirds of those who 
apply, and who would now be ad- | 
constant | 


mitted—keeping numbers 
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and educating only those of ever 
higher intellectual capacity? 

There are some who advocate this 
course—and advance in its favor per- 
fectly sound arguments about the im- 
portance of quality versus quantity. 
Some advocate it as a way of saving 
money. 

Nevertheless, this extreme measure 
will not be accepted by the American 
people who are determined to have 
ever greater, not less, educational op- 
portunities for their children. Nor is 
this solution, I believe, either prac- 
tical or desirable—for four reasons: 


1. Our selecting and _ predicting 
techniques are not nearly good enough 
yet to refuse a technical education to 
half of those who desire it and are 
qualified by today’s standards. We 
would be cutting off many who, be- 
cause of poor schooling, poor home 
environment, or other reasons, have 
made a slow start but may still do 
reasonably well—possibly very well. 
At least they should have a chance, 
somewhere, to try. Individual oppor- 
tunity must remain. Though we must 
try to improve our selection tech- 
niques, they will never be good 
enough. 

2. We need technical people at a 
variety of levels and with a variety of 
skills. And not all the talents we need 
are necessarily reflected in high aca- 
demic standing. The old adage 
that “the A students make the pro- 
fessors and the C students make the 
money” is no longer good statistics, 
but it still is more than occasionally 
true that students of low academic 
standing later attain fine records of 
achievement. 

3. The quantitative shortage of sci- 


_ entists and engineers is sufficiently 


severe and sufficiently long-term that 
we should seek to recruit a larger 
rather than a smaller percentage of 
students into our engineering schools. 
The additional men of good ability 
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who will thus be salvaged will pay for 
the increased “wastage” of those who 
do not survive. (Actually, those who 
fail or who transfer to other fields are 
not really “wasted” at all. A good 
year of physics and math—even if 
failed—can’t possibly do a man any 
harm! ) 

4. Finally, there is no conclusive 
evidence that under proper conditions 
rising enrollment in a particular in- 
stitution necessarily results in declin- 
ing quality or in lesser opportunities 


for the gifted student. 


What then do we do to keep broad 
educational opportunity and also to 
insure the quality of training we need? 
I would propose that we: 


1. Expand facilities for technical 
training throughout the country, es- 
pecially in public institutions, to pro- 
vide space for the same or a slightly 
larger fraction of the total college-age 
population as now, and at the same 
time improve our selection and re- 
cruiting techniques to make sure we 
attract all men of talent but eliminate 
the loafers and incompetents. 

2. Make more extensive use of the 
junior college as a means for provid- 
ing the first two years at low cost for 
many students—thus delegating to 
those institutions some of the task of 
eliminating the unfit, and selecting 
the better ones for upper-division 
work elsewhere. 

3. Give all students of outstanding 
ability, whenever and wherever they 
appear, special attention, special en- 
couragement, special incentive to go 
on beyond the routine work of the 
classroom, encouraging them, when 
appropriate, to transfer to other insti- 
tutions where more adequate facilities 
or competition will be found. 

4, Encourage many technical schools 
to expand their facilities, but encour- 
age a few such schools around the 
country in their efforts to select only 





304 





the most able students and provide 
them with a supremely challenging 
program. We have such schools now 
—and many of them are facing a diff- 
cult dilemma. Shall they expand en- 
rollment and make their excellent 
facilities available to more students— 
even at some loss in quality—or shall 
they put all available resources into 
higher and higher quality opportu- 
nities for a carefully selected few? 
Or can some, in fact, expand and raise 
quality also? I would not presume to 
judge what the proper course is for 
any particular school—except my own. 
But I do suggest that those who do 
elect to give high-quality instruction 
to a select few be given encourage- 
ment and support—in spite of the fact 
that some segments of public opinion 
will brand such institutions as “un- 
democratic,” a horrible distortion of 
the meaning of that word. 


Our most challenging task, in any 
case, is to find funds—especially for 
the private institutions—both to ex- 
pand facilities and to improve quality. 

Faculty—Let us turn then from 
student quality to faculty quality. 
There is really nothing we can say to 
make this problem any easier. Good 
scholars are very scarce. You would 
think, in fact, they would command 
the highest salaries of anyone in the 
community. But, instead, their sal- 
aries have always been low and, in 
purchasing power, they have been 
getting relatively lower. Our colleges 
and universities are subsidized by 
their faculty members who, in the 
nation as a whole, forego a billion 
dollars a year in salary because they 
love to live in a university atmosphere. 
Now that is very fortunate for higher 
education—but the universities are 
courting disaster if they allow this 
contribution to continue. Opportu- 
nities more remunerating, and in some 
ways equally rewarding, are now 
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available outside the universities for 
scientists and engineers—especially 
young ones not yet bitten with the 
university bug. The quality of our 
faculties will surely erode away if we 
do not find ways of keeping a very 
much larger fraction of these bright 
young men in the teaching profession, 
The seed corn of the future is such a 
valuable resource that we must 
promptly begin to adopt more real- 
istic methods of conserving it. The 
second report of the President’s Com- 
mission on Education Beyond the 
High School flatly recommends that 
average faculty salaries be doubled 
in the next five to ten years. It is 
about the most sensible suggestion I 
have heard. 


To have first-class colleges we must 


have first-rate faculty, and there is 
just no room for further argument on 


that point. We'll either get first-class | 
talent and pay for it—or we will have [ 


second-rate universities. Again the 
decision rests with the American peo- 
ple. 

This is no easy task. To double the 
top salary levels of professors in the 
leading universities means bringing 
them from the present $10,000-$15, 
000 salary levels to $20,000-$30,000. 
However, $20,000 is the annual in- 
come on some $500,000 endowment, 
and $30,000 is the income on $750,000. 


A group of 100 professors, then, will } 


require an endowment of $50,000,000 


to $75,000,000. Not more than 15 


private institutions in the nation have 
that much endowment to cover all 
expenses. 

The Ford Foundation 


leges of the country—some 600 in 
number. This was about equal to 
one year’s salary budget for these in- 
stitutions. As an endowment, there- 


fore, it provided about a 4 per cent) 
salary increase. 


To double the sal- 
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aries in these same institutions would 
have taken an endowment gift of 614 
billion dollars! Impossible? Well, at 
least we must admit it won't be easy 
and we ought to get to work. 

Someone, of course, will promptly 
say that all this is irrelevant: “You 
can’t buy brains.” I have already 
said that money isn’t everything; that 
many people stay in teaching because 
they love it. 

As a matter of fact, the entire sci- 
ence and engineering profession suf- 
fers from a disease of low salaries—or 
at least unbalanced salaries. Recent 
writers have dismissed the whole 
shortage problem of scientists and en- 
gineers as nonexistent because salaries 
for engineers have not risen as rapidly 
as in other fields. The law of supply 
and demand, they said, will tell how 
big the shortage is. This thesis, of 
course, ignores the psychological fact 
that a trained engineer would rather 
be an engineer at $8,000 than a sales- 
man at $15,000. Conversely, offering 
a $5,000 salesman a salary of $8,000 
does not make an engineer out of him. 
In other words, professional people 
generally are not in direct competi- 
tion with other workers; and hence, 
even though they are scarce, they 
have lagged behind the rest of the 
economy in average real earnings. 
Teachers, unfortunately—though espe- 
cially scarce—have lagged most of all, 
because the born teacher simply can- 
not bring himself to go into other 
fields. But teachers must also eat; 
their families must eat; their children 
must be educated. We will greatly 
increase our chances of keeping many 
talented young people in university 
teaching if we pay them more rea- 
sonable salaries. When a young 
Ph.D. is offered a starting salary in 
industry greater than the salary his 
professor receives after 30 years’ ex- 
perience, he is likely to-conclude that 
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university career opportunities have 
unfortunate limitations! 

Leadership—The third qualitative 
criterion in university education is 
that of leadership: the leadership of 
the faculty, of the deans and other 
administrative officers, of the presi- 
dent and the trustees. Someone must 
set up the ideals which an institution 
seeks to achieve—and then keep the 
helm firmly fixed in that direction. 

In 1908 a great scientist and scien- 
tific leader named George Ellery Hale 
became a trustee of a private manual 
training school in Pasadena, Califor- 
nia. He persuaded the other trustees 
that southern California needed a 
technical university “second to none” 
in the nation. Fortunately, he wasn’t 
laughed at, and within two years 
Troop Polytechnic School had trans- 
ferred to other schools its 600 elemen- 
tary and high school students, had re- 
tained its best 30 college students, 
moved them to a new campus and 
established a policy and a program 
which led straight to the California 
Institute of Technology of today. 
Leadership with vision and with de- 
termination brought to reality what 
in 1908 must have seemed to many to 
be a hollow boast or an empty dream. 
A similar story has been repeated at 
many institutions. Inspired leader- 
ship will attract inspired faculty; they 
will attract first-class students; and all 
together they will attract the neces- 
sary funds to make first-class institu- 
tions. 

I cannot tell you how to manufac- 
ture inspired leadership among the 
trustees, faculty and administration of 
our technical colleges. I can only say 
that without it, new goals of high 
quality cannot be attained. 

It has been said of Dr. Wickliffe 
Rose, onetime head of the General 
Education Board, that his insistent 
policy in supporting higher education 
was expressed in a single phrase: 
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“Make the peaks higher.” Where he 
found inspired leadership—in admin- 
istration or faculty—he advocated sup- 
porting it to the limit. Where superb 
quality was being achieved, he 
wanted to make it still better. 

I believe higher education in Amer- 
ica could well adopt Dr. Rose’s motto, 
“Makes the peaks higher.” This does 
not prevent making the base broader 
too—in fact, it requires it. But it 
brings out the fact that a major func- 
tion of a broader base is not to take 
up more space, but to support the 
higher peaks. 

There is no use denying the fact 
that such a policy is quite contrary to 
the views held by many educators. 
There are many who, in fact, advo- 
cate the contrary thesis: “leave the 
peaks alone and fill up the valleys.” 
Their thesis would be to help the weak 
or so-called “needy” institutions rather 
than the best ones. This, it is claimed, 
is “the democratic way.” 

No one would deny for a moment 
that it is to the national interest to 
have many good universities, and that 
it is desirable for every college and 
university to get a little better. But 
it is equally important that there be a 
few institutions—we dare not hope for 
more than a few—of really superb 
quality. We must, for the sake of 
future generations, have a few out- 
standing leaders, a few institutions 
who are blazing the trails of the 
future. 

Facilities—The last criterion of qual- 
ity achievement can be briefly treated. 
A good institution needs adequate fa- 
cilities. A good faculty needs ade- 
quate material support. “Mark Hop- 
kins on one end of a log and a stu- 
dent on the other” is a fine ideal. But, 
as a New York State Court, passing 
on the taxability of student and fac- 
ulty residences, once remarked: “In- 
stitutions early learned that a student 
must live somewhere else than on the 
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end of a log. Nor is the other end a 
suitable residence for the teacher— 
particularly in northern New York 
(State).” Bricks and mortar are often 
despised as providing a substitute for 
scholarship. And one must admit that 
a great stone monument may house a 
mausoleum as often as a university, 
But bricks and mortar, steel and con- 
crete, are essential elements in a fine 
technical institution. We must have 
laboratories for teaching and research; 
libraries where the knowledge of the 
past is readily accessible to the pres- 
ent; living and dining and recreation 
facilities conducive to a life of scholar- 
ship—these things are essential to stu- 
dents and faculty alike. 

Hardheaded businessmen are in- 
clined to criticize universities for mak- 
ing such “inefficient use” of space. A 
classroom, they say, is used only 6 
hours a day, 5 days a week, only 9 
months a year. Why not 70 hours a 
week instead of 30? Why not 12 
months a year? 

Well, why do we use the bedrooms 
in our houses only 6 to 8 hours a day? 
Why not take turns sleeping and make 
one bedroom do the work of three? 
Also, why do automobile assembly 
lines operate only 40 hours a week- 
with 6 weeks off every fall to change 
models? 

The answer is, of course, that ma- 
chines are made for men— not men 
for machines. Buildings and labora- 
tories are designed to make learning 
easier, not harder. The time and ef- 
forts of people—of students, of faculty, 
of other employees—is far more valu- 
able than the building space they 
need. It is poor economy to impede 
the work of a $20,000 professor (in 
1965, that is!) for many years for 
lack of a few thousand dollars’ worth 
of space. The entire capital cost of 
a university plant is often no more 
than 3 to 5 times the operating ex- 
penses for a year. And even if class- 
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rooms can stand being used 12 months 
a year, neither the teacher nor the 
student can. I do not defend real 
inefficient use of facilities where it 
exists—but in our technical colleges 
such inefficiency is rare. The lights 
burn late, summer and winter, in most 
engineering colleges I have seen. In 
fact, practically every major college 
of engineering I know has outgrown 
its plant. We must now make urgent 
pleas to foundations, individuals and 
corporations to give more generous 
consideration to providing adequate 
physical plant to institutions which 
have demonstrated high-class per- 
formance. 

Finally, may I say again why our 
insistence on quality is so important? 
There has grown up an impression in 
certain quarters that industry and gov- 
ernment—and even universities—have 
become so absorbed in numbers that 
they have forgotten quality. There 
is, in fact, a danger that the concern 
about numbers has given the public 
the impression that engineers can be 
counted up just like ditch diggers: to 
dig twice as many ditches, just hire 
twice as many diggers. 

Now you and I know that nothing 
could be further from the truth. And 
its time we told the truth more em- 
phatically. Everyone here knows that 
the really sweeping new ideas in sci- 
ence and engineering have come from 
a very small number of brains. In 
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any company, in any laboratory, the 
number of real technical advances is 
determined not by the total number 
on the staff, but by the number of 
unusually competent creative minds 
among them. I said previously that 
the country needs technical people at 
all levels—which is true because sec- 
ond-level men are needed to back 
up the top ones; third-level to back 
up the second-level; and many com- 
petent draftsmen, designers and tech- 
nicians to convert ideas into usable 
hardware. But the pace of the whole 
effort is set by those at the top level— 
intellectually speaking. The major 
new ideas of the next decade will 
come from a dozen minds; the major 
advances in putting those ideas to 
work will come from a few hundred 
exceptionally able and well-trained 
scientists and engineers. If we can 
double that number, then we will 
have surely accelerated the rate of 
progress. But if we double only at 
the bottom and not at the top, then 
we may indeed doubt whether the 
effort is worthwhile. 

We must make everyone in the 
nation aware of the fact that educa- 
tion is the foundation of national 
strength; that in building an adequate 
educational system we must aim al- 
ways to “build the peaks higher”—for 
it will always be true indeed that the 
best is none too good. 


“MICHIGAN GETS 
NEW FLUID ENGINEERING LAB” 








ASSISTANT OR ASSOCIATE PRO- 
fessor—to teach undergraduate and grad- 
uate courses in electronics and control 
fields. Teaching and research experience 
desirable. Salary and rank dependent 
upon degree and experience. Position 
now available. Inquire M. G. Northrop, 
Head, Department of Electrical Engi- 
neering, University of Louisville, Louis- 
ville, Kentucky. 


MECHANICAL ENGINEERING DE- 
partment needs additional staff for Ther- 
modynamics, heat transfer, metallurgy 
and machine design, M.S., Ph.D. or 
equivalent required. Interest in research 
desirable. Rank and salary dependent 
upon training and experience. Apply, 
Head, Mechanical Engineering Depart- 
ment, Louisiana State University, Baton 
Rouge, Louisiana. 


TEACHING POSITION IN ELEC- 
trical Engineering. Machinery and other 
undergraduate courses plus some grad- 
uate subjects at night. M.S. or Ph.D. 
preferred. Rank and salary depend on 
qualifications. _Twelve-month appoint- 


ment effective June or September, 1959. 
Address: Head, Electrical Engineering 
Dept., The University of Akron, Akron 4, 
Ohio. 


TEACHING POSITIONS AVAILABLE 


PROFESSORS OR ASSOCIATES IN 
Civil, Electrical and Mechanical. Ph.D. 
required. Eleven months contracts, 
Resume to Dean Engineering, University 
of Santa Clara, Santa Clara, California. 


FACULTY POSITIONS—ASSISTANT 
Professor positions open for persons with 
Ph.D. degree or equivalent in solid-state 
electronics, computers, networks, control, 
microwaves, and _ others. Part-time 
Teaching Associate positions also avail. 
able for persons with M.S. degree or 
equivalent industrial experience who wish 
to work for the Ph.D. degree. Research 
and Teaching Assistantships available for 
other graduate students. Write to Chair- 
man, Department of Electrical Engineer. 
ing, University of California, Berkeley 4 
California. 


PROFESSORIAL APPOINTMENTS, 
each combining half teaching half te 
search. Expanding activity has created 
positions for four Ph.D.’s with superior 
analytical and _ experimental ability. 
Among appropriate fields of interest are: 
electromagnetic theory and devices, elec- 
tronics, dynamics and servosystems, ait- 
craft structures, thermodynamics, hydro- 
dynamics and fluid machinery, soil me. 
chanics, physical metallurgy. Write D. 
C. Drucker, Chairman, Division of Eng- 
neering, Brown University, Providence 
12, Rhode Island. 


SMITH ACTING PRESIDENT AT CASE 


College Notes 


Kent H. Smith, board chairman of the Lubrizol Corporation and 
a member of the Case board of trustees, has been named Acting 
President of Case Institute of Technology, Frederick C. Crawford, 


chairman of the Case trustees, announced in August. 


Smith will 


serve until the return of Case President T. Keith Glennan, who is 


on leave of absence as the head of the National Aeronautics and 
Space Administration in Washington. 
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AN ESTIMATE OF GRADUATE ENGINEERS 





AND ENGINEERING JOBS, 1950-1965 


HENRY H. ARMSBY 


Chief for Engineering Education, 


Department of Health, Education, and Welfare, 


Office of Education, Washington 25, D. C. 


Presented at the June, 1958, Annual ASEE Meeting in Berkeley. 


An earlier estimate 1 combined Na- 
tional Science Foundation projec- 
tions? of available engineering jobs 
with U. S. Office of Education projec- 
tions * of engineering bachelor de- 
grees to form a basis for forecasting 
the relationship between supply of 
and demand for engineers over the 
near future. Allowance was made for 
deaths and retirements, and for the 
same number of persons entering the 
profession without degrees as did so 
between 1940 and 1950. The estimate 
indicated an average net deficit of 
about 9,000 to 10,000 per year over 
the period 1955 to 1965. 

This estimate uses the same projec- 
tions of engineering jobs and engi- 
neering bachelor’s degrees, but a 
slightly different approach. It at- 
tempts to indicate what fraction of 
the available jobs can be expected to 
be filled by graduate engineers—leav- 
ing as an open question the source of 


| persons to fill the balance—if they are 
filled. 


Table I presents estimates by the 
National Science Foundation? of the 
number of available engineering jobs 


| for the years 1955 and 1960, and for 


1“An Estimate of Engineering Supply 


F and Demand, 1955-1965,” January 24, 1958, 


JournaL, May, 1958, pp. 715-718. 
2“Trends in the Employment of Scientists 

and Engineers,” NSF 56-11, May 1956. 
3“Trends in Engineering Education— 

1939-40 to 1970-71, Revised January 24, 


| 1958,” prepared by Henry H. Armsby, U. S. 


Office of Education, JourRNAL, May, 1958, 
p. 716. - 


the year 1965 a direct interpolation 
between the Foundation’s estimates 
for 1960 and 1970. 

The figures in Table I are estimates 
of the total number of “engineering 
jobs” which will be available for the 
various years if the total labor force 
of the country contains the number of 
people estimated by the Department 
of Labor and if the ratio of engineer- 
ing jobs to total employment con- 
tinues to increase in about the same 
ratio that it has been increasing over 
the past 50 years—approximately 30 
per cent every ten years. 

These “engineering jobs” are of 
three kinds: (1) jobs which clearly 
require persons of the ability repre- 
sented by a college degree in engi- 
neering or its equivalent, (2) jobs 
which can be filled by persons with 
lesser educational qualifications such 
as technical institute graduates, and 
(3) intermediate. No exact figures 
are available as to what the relative 
sizes of these groups are or should be. 
However, it is highly probable that 
because of the steadily increasing 
complexity of industrial processes and 
the accompanying expansion in the 
applications of basic science, the pro- 
portion of jobs requiring college grad- 
uates for satisfactory performance will 
continue to increase. 

Table II presents estimates of grad- 
uate engineers, “engineering jobs,” 
and the ratios between them, for the 
three five-year periods shown. The 
various items are explained in the 
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TABLE I 
AVAILABLE ENGINEERING JOBS 











Estimates of National Science Foundation, based on 
Total Labor Force, as projected by the U. S. De-- 


partment of Labor 














paragraphs following the table, which 
are numbered to agree with table 
items. 

Table II also contains (in column 
5) a similar analysis of figures for the 
decade 1940-50, which was made as 
a check on the general soundness of 


1955 1960 1965 
700,000 950,000 1,250,000 
the method of analysis. The differ. 


ence between item 8 in this column 
and item 2 in the column for 1950-5 
is remarkably small (less than 4 per 
cent) for such estimates, and perhaps 
indicates that the method of analysis 
is reasonably sound. 


TABLE II 


EsTIMATES OF GRADUATE ENGINEERS AND ENGINEERING JOBS 
(in thousands) 





























Five-Year Period 
Check on Decade 
1940-50 
1950-55 1955-60 1960-65 
(1) (2) (3) (4) (5) 
1. Engineering Jobs—Start of Period 534* 700 950 293* 
2. B.S. Engineers—Start of Period 285* 417 526 178* 
3. Ratio B. S. Eng’rs to Eng’g Jobs 
(2 + 1) 53% 60% 55% 61% 
4. New B.S. Engineers during Period 171 157 222 167 
5. Entering Engineering (93% of item 
4) 159 146 207 155 
6. Total B.S. Eng’rs for Period (2 + 5) 444 563 733 333 
7. Deaths and Retirements (13% per 
year) 27 37 47 38 
8. Net B.S. Eng’rs—End of Period 
(6 — 7) 417 526 686 295 
9. Engineering Jobs—End of Period 700 950 1250 534* 
10. Ratio B.S. Eng’rs to Eng’g Jobs 60% 55% 55% 55% 
(8 + 9) 

















*U. S. Bureau of the Census. 


EXPLANATION OF ITEMS IN TABLE II 


1. Engineering Jobs—Start of Period. 


persons classified as engineers in the U. S. Census report for the year. 


(4) the figure is taken from Table I. 
2. B.S. Engineers—Start of Period. 
those in item 1 who had college degrees. 


In columns (2) and (5) this is the number df 
In columns (3) any 


In columns (2) and (5) this is the number df 
In columns (3) and (4) the figure is brougi 
forward from item 8 in the preceding column. 
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3. Ratio of B.S. Engineers to Engineering Jobs. As indicated, this is the ratio of item 


2 to item 1. 


In other words, this is the percentage of engineering jobs for which graduate 


engineers were or will be available at the start of the period. 
4, New B.S. Engineers during Period. This is the number of engineering bachelor’s 
degrees granted or to be granted during the period, as shown in the source indicated by 


footnote ? on page 1. 


5. Entering Engineering. As indicated, this is 93 per cent of item 4. This is the frac- 
tion of the engineering graduating class of 1951 which a National Science Foundation study 4 


found had entered the profession during the first year after graduation. 


Lacking any more 


recent figure, this ratio is used for the entire period of this estimate, although it may well 


be too low. 


6. Total B.S. Engineers for Period. As indicated, this is the sum of items 2 and 5. 


7. Deaths and Retirements. 


These are estimated at 14% per cent per year® applied 


to the average number of B.S. engineers for the period—or 114 per cent of the mean of items 


2 and 6. 


8. Net B.S. Engineers—End of Period. As indicated, this is the difference between 


items 6 and 7. 
the period. 

9, Engineering Jobs, End of Period. 
from Table I. 


It represents the number of engineering graduates available at the end of 


In columns (2), (3), and (4) this figure is taken 
In column (5) it is the same as item 1 in column (2). 
10. Ratio of B.S. Engineers to Engineering Jobs. 


As indicated, this is the ratio of item 


8 to item 9. As in item 3, this is the percentage of jobs for which graduate engineers were 


or will be available at the end of the period. 


Remarks 


Such estimates as those in Tables 
land II above involve many unknown 
factors, are subject to many possible 
errors, and can at best be considered 
only as approximations. For example, 
no allowance is made in these esti- 
mates for the graduate engineers who 
leave the profession, or for other peo- 
ple who enter the profession. These 
two factors will tend more or less to 
balance each other, but the exact 
ratios are unknown. 

Officials of the Bureau of Labor 
Statistics point out that more accurate 


forecasts of engineering jobs could 
_ probably be made on an industry by 


industry basis. However, until this 
is done, the estimates of the National 
Science Foundation herein quoted are 
the best available, and their use re- 


| sults in a generally adequate picture 


of future needs for engineers. 
The estimates of engineering de- 


| grees are based not merely on pop- 


ulation and educational trends, but 


also on the assumption that those 
young people desiring an engineering 
education will be able to secure one. 
This implies that the engineering col- 
leges can and will be able to provide 
facilities and staff capable of ade- 
quately serving a student body which 
is expected to increase by 85 per cent 
between 1955 and 1965 (135 per cent 
by 1970). It is to be hoped that this 
assumption is valid, but its realization 
will call for great efforts by all con- 
cerned—the colleges, the State and 
Federal Governments, and the public. 
Even if these numbers of new engi- 
neers are realized, and especially if 
they are not, the national welfare de- 
mands that every possible effort be 
made to improve the quality of engi- 
neering education and the utilization 
of the engineers who are available. 
The estimates of engineering de- 
grees assume that engineering degrees 
will constitute a uniform percentage 
of total degrees issued. However, the 
estimates for total degrees assume a 


4“Education and Employment Specialization in 1952 of June 1951 College Graduates”— 


National Science Foundation, 1955. 


5 Rate based on “Tables of Working Life for Men” of Bureau of Labor Statistics, U. S. 


Department of Labor. 
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continuation of the trend for an in- 
crease in the percentage of the age 
group which attends college. If this 
increase continues it raises a question 
as to the effect it will have on the gen- 
eral mental ability of the college pop- 
ulation. In other words, it raises a 
question as to whether it will be pos- 
sible for the engineering colleges to 
graduate the estimated numbers of 
engineers without lowering the gen- 
eral quality of these graduates. 

The Bureau of the Census esti- 
mates ® that between 1955 and 1965 
the total population of the United 
States will increase by 15 per cent, 
those between the ages of 20 and 24 
(roughly the college age) by 25 per 
cent, and those between 25 and 54 
(the active productive labor force) by 
4 per cent. These figures clearly in- 
dicate the need for increased produc- 
tivity of the labor force, which must 
come from increased numbers of stu- 
dents pursuing higher education pro- 
grams, and more importantly from 
improvements in the quality of such 
programs and from more effective 
utilization of their graduates. 

The Bureau of Labor Statistics esti- 
mates‘ that during the same 10-year 
period total employment will increase 
by 17 per cent, non-agricultural em- 
ployment by 23 per cent, and employ- 
ment in positions classified as “profes- 
sional, technical and kindred” by 43 
per cent. By coincidence this last 
prediction agrees exactly with the 
projected increase in gross national 
product. 

All the foregoing estimates are 
based on the “normal” growth of the 


country and on a continuation of the 


6 Current Population Reports, Population 
Estimates, Series P-25, No. 123 (October 
1955) and No. 170 (December 1957). 

7 Address by Ewan Clague, Commissioner 
of Labor Statistics, before AFL-CIO Con- 
ference on Changing Character of American 
Industry, Washington, D, C., January 16, 
1958, 
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existing general political, economic, 
and social climate—with no major war 
or depression. A war would greatly 
expand the need for engineers—a ma- 
jor depression could seriously reduce 
it. 

During recent months the country 
has experienced a minor reduction in 
industrial activity, and the “market” 
for engineers has “softened” in certain 
places and certain fields. However, 
this is in all likelihood a temporary 
condition, which can, and probably 
will, quickly change as the nation 
reacts to the challenge symbolized by 
Sputnik. In fact, there is some evi- 
dence at hand indicating that the 
“low point” in the demand for engi- 
neers has already been passed. All 
the basic trends in this country, such 
as population, productivity, gross na- 
tional product, use of technology in 


industry, and others, are upwards for | 


the long term, and one who tries to 
look ahead ten years can probably 
disregard such temporary “dips in the 
curve” as the current one. 


Questions 


The foregoing estimates and dis. 


cussions lead directly to a number of f 


questions of importance to the engi- 
neering profession and to the nation. 
No attempt is made here to answer 
them. They are merely presented for 
discussion. 

Some of these questions relate to 
the fraction of total “engineering jobs’ 
which need to be filled by graduate 


engineers, and how this fraction wil f 


change in the future. Others seek to 


find the sources of the “non-degree’f 


engineers. 


Questions are also suggested as to) 


whether or not the young people who 
go to college are the ones who shouli 
go, and whether among those who de 
go to college the ones registering it 
engineering are those who ought t0 
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. do so. Such questions lead directly | women who could and should be at- 
momic; | to others concerned with the need or tracted into the engineering profes- 
a be desirability of an extensive system of _ sion. At the present time the number 
spi. scholarships, and a question as to how _— of women graduates is less than one 
~~ Fes they should be awarded if there is to _ per cent of the number of men. This 
Tee’ | be such a system. appears to offer possibilities for greatly 
Another question raised by the esti- increasing the numbers of well trained 
eal mates concerns the numbers of _ engineers coming out of our colleges. 
narket” 
certain 
owever, 
nporary 
robably 
nation 
lized by 
st aa FELLOWSHIPS IN HIGHER EDUCATION 
a The Center for the Study of Higher Education at the University 
od. All of Michigan, Ann Arbor, Michigan, under a grant from the Carnegie 
ry, such Corporation of New York, will again have several fellowships in 
TOSS Da higher education for the academic year 1959-1960. 
slogy in | Five persons will be appointed as Michigan Fellows in College 
ards for jl Administration. To qualify, the applicants must have completed 
tries to their normal academic training, having the doctor’s degree or 
srobably equivalent, and have demonstrated outstanding promise for educa- 
9s in the f tional leadership. The stipends vary with individual needs but are 
intended to cover living expenses as a substitute for salary, subject 
to a maximum grant of $8,000. The Fellows for 1958-59 have in- 
cluded a young college president, two deans and two professors of 
history. Their activities illustrate the individualized possibilities for 
and dis training that can be provided at the Center. All participate in a 
umber of seminar on higher education; each takes or audits courses relating 
he engi- to college administration, or courses that broaden one’s cultural 
e nation background; three are pursuing research studies, one a plan for in- 
) answer stitutional self-evaluation; and four of the group are getting varied 
ented for internship experiences, such as serving as part-time assistants to 
academic deans or vice-presidents. It is expected that by the end of 
relate toy the year, the Fellow will be ready to assume larger responsibilities 
‘ing jobs’ © in college or university administration, having an improved phil- 
graduate | osophical understanding of higher education and additional knowl- 
tion will f edge of the theory and practice of administration. 
‘s seek to A few fellowships will also be available on a pre-doctoral basis. 
n-degree’ | They are intended to assist students of high merit to pursue their 
: study toward the doctor’s degree, and to facilitate research in higher 
ted as toy education at the Center. A year of graduate study of high quality 
ople whol (in any academic field) is a prerequisit. The stipends range from 
ho should $500 to $3,000. 
«hee Applicants for either type of fellowship should be under 40 years 
stering ® of age. Applications should be submitted to the Director of the 


ought Center prior to February 2, 








COMPILATION OF FACULTY EMPLOYMENT 


PROGRAMS SUMMER 1959 


C. E. WORK 


Michigan College of Mining and Technology 


Houghton, Michigan 


Sponsored by the Relations with Industry Division 


Each summer there are a large 
number of opportunities for college 
faculty members to obtain employ- 
ment in private industry or in govern- 
ment laboratories. This short-term 
employment does not interfere with 
their academic responsibilities or the 
continuity of their teaching programs. 
It does, however, give them a closer 
look at the kind of environment their 
students are to enter and keeps them 
abreast with the latest applications of 
their phase of technology in practice. 

On the other hand, the professors 
frequently work on projects which, al- 
though important, yet keep being post- 
poned by the permanent employees. 
Their contributions are made at a 
time when, because of vacations, the 
regular staffs are not at full strength. 
They offer fresh viewpoints on prob- 
lems on which those with long inti- 
mate contact may have grown stale. 

The contacts and acquaintances the 
professors gain in industry and that 
the industrial groups form with col- 
lege personnel as a result of programs 
of summer faculty employment are of 
lasting mutual benefit. 

The promotion of programs to uti- 
lize college teachers in industry dur- 
ing the summer months and to make 
known to faculty members what some 
of the opportunities available to them 
are for 1959 has been undertaken by 
the Relations with Industry Division 





of ASEE. In addition to including 
industrial members of ASEE, gover. 
ment agencies known to be active in 
summer employment of faculty mem- 
bers have been invited to submit in- 
formation for publication this year. 
With publication schedules requir. 
ing prediction in September what is 


to be done the following June, some | 


changes of plans for summer employ- 
ment programs can always be er 
pected. Occasionally, rather drastic 
changes are required. 
out to be a year of limited budgets, 


forcing many companies to reduce or} 


completely give up the programs of 
faculty employment they had planned 
for last summer. 


slump in September to venture any 
predictions for 1959. 

However, as the compilation shows, 
many companies expect to continue 
these activities in 1959. 
planned on a more or less formal basis 
are listed in Part I. These programs 
are intended to give the professor op- 
portunities, beyond his individual job 
assignment, to gain a broad under 
standing of the company’s philosophy 
and operations. The companies listed 
in Part II expect to hire college fac 
ulty members for summer work but 
their orientation within the organiza 
tion is to be left mainly to the profes 
sor himself and his supervisor. 


Jrl. Eng. Ed., V. 49, No. 4, January 199 


1958 turned | 


Several organiza [| 
tions were not far enough out of the} 


Those | 


' Culver ¢ 











Allison 
nera 
Indians 





Boeing 
Seattle, 
(Wichit 
Califor: 
200 Bu 
San Fr: 








Chance 
Dallas, 





Contine 
PO. 2 


Housto: 





Convair 
Gene! 
Fort We 





Detroit 





Douglas 
Santa M 





Hughes . 





Humble 
Comp: 
Houston 





Internati 

Machi 
590 Mad 
New Yor 





Lockheec 
Missile S 
Sunnyva! 


McDonne 
Municipz 
St. Louis 





*Only | 
t In orc 





;. WORK 


‘echnology 
Michigan 


ncluding 
, govern- 
active in 
lty mem- 
ibmit in- 
; year. 

S requir 
- what is 


ne, some | 


- employ- 
; be ex 


r drastic | 


8 turned 
budgets, 
reduce or 


grams off 


1 planned 


organiza: | 
ut of the) 


iture any 


on shows, 


continue 


Those | 


‘mal basis 
programs 
fessor Op 


vidual job F 


id under: 
hilosophy 
nies listed 
lege fac- 
work but 
organiza 
he profes 
or. 


January 199) 








Jan., 1959 
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Parr I. ForMAL PROGRAMS 
Key to Symbols Used in Compilation, Columns 5-8 
7. Other allowances 


U tours of facilities 
V_ social and recreation 
W luncheons etc. with company per- 


sonnel 


6. Basis for payment 


T 
F 
H 
C 


travel 

food 

housing 

cost of living 


8. Individual Assignments 































































































S college salary rate J job on company project 
Q job assignment and qualifications K study some phase of company’s 
R_ honorarium or fixed stipend operation 
L none 
1 2 3 4 5 6 7 8 
a 2 n 
Company Contact e Ss iw n =t 
(Name and address) (Person and position) 30 7 F g F 2 bs be + g E g 
ae a = a = =o 4 
#2 |B2) ES /Ee] SE [ee] se |28 
80/82/55 1/58| 3 |32| 58 | 33 
mfi/A4e|ZalZze Oa mal Od |Aa 
Allison Division R. C. Smith Tech.| 8-12] 6-25) 4 Ww Ss oy J 
General Motors Corp. General Supervisor 
Indianapolis 6, Ind. Salaried Personnel Dept. 
Boeing Airplane Co. Stanley M. Little Tech.| 9-12} 50 8 |UV.W S ue ie me 
Seattle, Wash. Employment 
(Wichita, Kansas) Administrator 
California Research Corp. D. P. Krotz Tech.| 8-12} 2-5 | — U Q T J 
200 Bush Street Asst. to the President 
San Francisco 4, Calif. 
Chance Vought Aircraft P. B. Cobb Tech.| 8f 20 10 UV Q i J 
Dallas, Texas College Relations 
Representative 
Continental Oil Co. Gerald F. Bassler Tech.) 1-8 10 — |U,V,W)|Qor BY Jor 
P.O. Box 2197 Director Pers. Develop- | Non- R K 
Houston 1, Texas ment, Industrial Tech. 
Relations Dept. 
Convair, Division of H. A. Bodly Tech.| 8-12] 10-15} 2-5 UV Q T J 
neral Dynamics Corp. Administrative Super- 
Fort Worth, Texas visor, Eng’g Dept. 
Detroit Edison Co. P. Amerman Tech.}| 8-12} 5* 2 U,V. Wi 9, S$ T J or 
200 Second Avenue Director of Employment} Non- K 
Detroit 26, Michigan Tech. | 
Douglas Aircraft Co. C. C. La Vene Tech.| 10¢ | 30-35) — I Q T J 
Santa Monica, Calif. Employment Manager, 
Engineering Division 
Hughes Aircraft Co. Leonard C. Silvern, Tech.| 12 150 22 EUV. OS T,F. HIT J 
Culver City, California Asst. Hd., Office of Non- 
Advanced Studies Tech. 
Humble Oil and Refining R. N. Dyer, Head Tech.| 8-12] 40-50} 8 ~- Q ie J 
Company Personnel Division, Non- 
Houston 1, Texas Employee Relations Tech. 
Dept. 
International Business R. E. Rodgers Tech.} 8-10) 30-40 71U.V.Wi Q ¥ J 
_ Machines Corp. Manager, Technical 
590 Madison Avenue Recruitment | 
New York 22, New York 
ey a ae soe " 
Lockheed Aircraft Corp. T. E. Lyons, Super- Tech.| 8-10} 15-20] 8-10} U,W Q — J 
Missile Systems Division visor Education and 
Sunnyvale, California Training 
McDonnell Aircraft C. J. O’Toole Tech.| 12¢ 20-25 1 U, W Ss c J 
Municipal Airport Asst. Employment | 
St. Louis 3, Missouri Manager | | 
| 


























* Only applicants from the area near the company’s operation are considered for summer employment. 
+ In order to obtain clearance, early application is required. 






















































































316 JOURNAL OF ENGINEERING EDUCATION Vol. 49—No. 4 at 
PART I.—Continued 
1 2 3 4 5 6 7 8 Allis. 
Box | 
zs ” 
Company Contact & a n i z Alum 
(Name and address) (Person and position) 50 2 n3 |. = ee g go Pittsk 
BS 4 n a3 3 s a pon4  & zg g 
ga | ee] Se/5e] 6 13 5) £8 | 38 Amer 
ey 5 s =o] 3 = ar] 
ae|$2/z8|/28] 58 | as] OS | 88 30 R 
Minneapolis- Honeywell A. Lachlan Reed Tech.}| 8-14} 5-20) 5 U,W Ss Su J New 
Regulator Company Director, Industry- to 
Minneapolis 8, Minnesota Education Relations 10 haien 
Minnesota Mining & Wendel W. Burton Tech.| 8-10} 5-6 1/;UV.W Ss fe h 1617 
Manufacturing Co. Employment Manager : 
Saint Paul 6, Minn. 900 Fauquier Ave. Phila 
Pratt & Whitney Aircraft Charles T. Baker Tech.| 8-12} 20-30} 6 |U,V,W) S sy J Bethl 
East Hartford, Conn. Engineering Department Bethl 
Public Service Electric Herbert Wottrich Tech.| 8-12 5 4 U, W Q — J 
and Gas Co. Assistant to General Canac 
80 Park Place Manager, 
Newark 1, New Jersey Electric Department P.O; 
Radio Corp. of America Robert Haklish, Mgr. | Tech| 8-12] 10-15] — | U | S T | YJ Canac 
Camden 2, N. J. College Relations 
Cater 
Sandia Corporation K. A. Smith, Manager Tech.| 12 25-35) — U, W Q i J Peoria 
Sandia Base Employment and Per- : 
Albuquerque, N. M. sonnel Department Ch 
: em: 
Standard Oil Co. (Ind.) E. W. Adams Tech.} 8-12] 5-6 Ss §-U,Vi 2 T. J D 
Research Department Administrative Director, q lecat 
Box 421 Whiting Laboratories 
Whiting, Indiana j Chica; 
Sun Oil Company Robert A. Matteson Tech.| 8-12] 2-5 4 U,V Q _ J 1305 
Research & Engineering Administrative to Chicas 
ept. Assistant 6 
Marcus Hook, Pa. The ( 
e 
Thomas A. Edison Industries | Donald W. Collier Tech.| 8-12 1 0 U, W Ss —_ J 55 Pu 
51 Lakeside Ave., Vice President & 
West Orange, N. J. Director of Research : Clevel 
U. S. Army Chemical Corps | Roy W. Muth Tech.| 8-18} 10-15} — | U,V,W| Q — J ss Conti 
Engineering Command Commanding Officer onuin 
Army Chemical Center, Md. 8647 I 
U. S. Navy Electronics Sidney W. Sandburg Tech.| 4-14) 5-12) 6 U Q oo J Detroit 
Laboratory Employment ; 
San Diego 52, Calif. Superintendent ' Cornin 
U.S. Naval Research C. N. Mason, Jr., Tech.| 8-12] 10-15] — | U,.V,W| Q sy J _ Cornin 
Laboratory Head, Employment Br., : 
Washington 25, D. C. Personnel Div. David 
U. S. Steel Corp. C. D. Feight Tech.| 9 | 10-20) 9 | U,V,W| S T J Washi 
525 William Penn Place Director 
Pittsburgh 30, Pa. Employment Deere | 
Western Electric Co. R. W. Reckhow Tech.| 8-12] 10-20) 3 U,W Q J Moline 
195 Broadway Coordinator of College | 
New York 7, New York Relations Eastma 
Westinghouse Electric R. Craig Fabian, Supv. | Tech.| 12-14] 20-25 11U,V,Wi R TT.FLA YD 343 St, 
Company University Relations, R 
East Pittsburgh, Pa. Education Dept. oches 
Erie Re 
Erie 6, 
Part II. InForMAL EMPLOYMENT 
Company Contact es 7 
Acme Steel Company * H. L. Bills, Vice-President and Director of 
Chicago 27, Illinois Industrial Relations Food M 
Chemic 
Air Reduction Company F. R. Balcar, Coordinator 161 E. 
150 E. 42nd St., New York 17 Research and Engineering ‘ 
“ neral 
* Only applicants from the area near the company’s operations are considered for summé F Schenec 
employment. (and ot 
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Company 


Allis Chalmers Manufacturing Co. 
Box 512, Milwaukee 1, Wisconsin 


Aluminum Company of America 
Pittsburgh 19, Pennsylvania 


American Cyanamid Co. 
30 Rockefeller Plaza 
New York 20, New York 


American Viscose Corp. 
1617 Pennsylvania Blvd. 
Philadelphia 3, Pa. 


Bethlehem Steel Co. 
Bethlehem, Pennsylvania 


Canadair, Limited 
P. O. Box 6087, Montreal, P. Q. 
Canada 


Caterpillar Tractor Company 
Peoria, Illinois 


Chemstrand Corporation 
Decatur, Alabama 


Chicago Bridge and Iron Co. 
1305 W. 105th Street 
Chicago 43, Illinois 


The Cleveland Electric Illuminating Co. 


55 Public Square 
Cleveland 1, Ohio 


Continental Motors Corp. 
8647 Lyndon Street 
Detroit 38, Michigan 


Corning Glass Works 
Corning, New York 


David Taylor Model Basin 
Washington 7, D. C. 


Deere & Company 
Moline, Illinois 


Eastman Kodak Company 
343 State Street 
Rochester 4, New York 


Erie Resistor Corp. 
Erie 6, Pennsylvania 


Esso Research and Engineering Company 


_ P.O. Box 175 Linden, New Jersey 


Food Machinery & Chemical Corp. 
Chemical Division 


161 E. 42nd St., New York 17, N. Y. 


General Electric Company 
Schenectady, New York 
(and others) 
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Contact 


Paul A. Bierwagen, Supv., Graduate Studies 
Graduate Training Section 


R. L. Gaughler 
Manager of College Recruitment 


Frank H. Hurley, Manager 
College Relations 


William M. Nolan 
Recruitment Manager 


A. M. Rupkey 
Manager of Personnel 


A. C. Holden 
Engineering Services Supervisor 


M. D. MacLean, Professional and Technical 
Employment 


A. D. Preston 
Technical Personnel Manager 


I. E. Boberg 
Vice President 


J. P. Fleming, General Supervisor 
Personnel Services Section 


Peter Altman 
Vice President 


L. W. Larson 
Director of Training 


S. Di Maria 
Employment Officer 


E. H. Case, College & Univ. Relations 


J. H. Howard, Director 
Business and Technical Personnel 


Robert W. Sparks, Supervisor of Placement 
and Training 


Charles W. Smith, Director 
Employee Relations 


A. J. St. Louis 
Recruitment Manager 


W. Scott Hill 
Manager, Recruiting 
Engrg. Personnel Dept. 





318 


Company 


Goodyear Tire & Rubber Co. 
Akron 16, Ohio 


International Harvester Co. 
180 North Michigan Avenue 
Chicago, Illinois 


International Paper Company 
Mobile 9, Alabama 


International Resistance Co. 
401 North Broad Street 
Philadelphia 8, Pennsylvania 


Johns-Manville Corporation 
22 East 40th Street 
New York 16, N. Y. 


Marquardt Aircraft Company 
P. O. Box 2013, South Annex 
Van Nuys, California 


Monsanto Chemical Company 
St. Louis 24, Missouri 


Northern Illinois Gas Company 
615 Eastern Avenue 
Bellwood, Illinois 


Philadelphia Electric Co. 
900 Sansom Street 
Philadelphia, Pa. 


Philco Corporation 
Philadelphia 34, Pennsylvania 


Phillips Petroleum Company 
Bartlesville, Oklahoma 


The Pure Oil Company 
35 East Wacker Drive, Chicago, Ill 


Radio Corporation of America 
Camden 2, New Jersey 


Ramo-Wooldridge Corp. 
P. O. Box 45215 Airport Station 
Los Angeles 45, California 


Raytheon Mfg. Co. 

1360 Soldiers’ Field Road 
Brighton 35, Mass. 

(and others) 


Rohm & Haas Company 
Philadelphia, Pa. 


Scott Paper Company 
Chester, Pennsylvania 


Shell Development Company 
Emeryville, California 


Stromberg-Carlson Co. 


a Division of General Dynamics Corporation 


Rochester, 3, New York 
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Contact 


W. F. Catron, College Relations 
Technical Personnel 


F. D. MacDonald, Chairman 
Manpower Committee 
Education & Personnel Department 


Samuel W. Jenkins 
Southern Kraft Division 


Walter J. Gershenfeld 
Personnel Manager 
Central Office 


Ledwith J. Brennan 
Director of Training 


J. T. Dale, Manager 
Professional Personnel 


Robert F. McCoole 
Technical Personnel Manager 


R. A. Lightbody 
Assistant Vice-President 


G. W. Kaufmann, Jr. 
Director, Employment Div. 


Robert T. Love 
Coordinator, College Relations 


D. R. McKeithan, Director 
Technical Manpower Division 


J. J. Stadtherr 
Training Director 


Charles R. Vennel, Jr. 
College Relations 


Donald L. Pyke, Head 
Technical Staff Placement 


John B. Whitla 
College Relations Administrator 


Dr. J. S. Strong 
Office of Technical Employment 
5000 Richmond Street 


Richard B. Miller 
Manager of Corporate Employment 


Mott Souders 
Director, Oil Development 


Fred E. Lee 
Manager of Technical Personnel 
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Company Contact 
Swift & Company E. D. Hall, Head 
Union Stock Yards Personnel Division 
Chicago 9, Illinois Research Laboratories 
Sylvania Electric Products, Inc. Harris Reinhardt 
1740 Broadway, New York 19, N. Y. Manager, Organization Development 
Toledo Edison Company * Frank W. Keith, Director 
Toledo, Ohio Employee Relations 
U. S. Army Engineer Dist. W. L. Cooper 
P. O. Box 1027 Civilian Personnel Officer 
Detroit, Michigan 
U. S. Army Engineer School J. D. Strong 
Fort Belvoir, Va. Director, Department of Non-Resident In- 
struction 
U. S. Naval Ordnance Laboratory Michael A. Califono 
White Oak Employment Officer 


Silver Spring, Maryland 


® Only applicants from the area near the company’s operations are considered for summer 
employment. 





ENGINEERING SCIENCE DEPARTMENT 
AT DARTMOUTH 


A new Department of Engineering Science was added to Dart- 
mouth College’s Science Division this past fall. It began operation 
with the introduction of a three-term, three-course program. The 
department will be staffed by members of the faculty of the Thayer 
School of Engineering under the chairmanship of Dean William P. 
Kimball. In cooperation with the Departments of Mathematics, 
Physics and Chemistry, it will offer a new four-year major in engi- 
neering science, beyond which the student may go on to a fifth 
year at Thayer School. It will also be the means of carrying out a 
new program designed to integrate engineering studies with the 
basic physical sciences in line with the demands of new technologies. 

The new major provides a common core of academic work for 
all men pursuing engineering studies. At the end of the four-year 
program the student may terminate his course of study and gradu- 
ate with the A.B. degree. Qualified men who want to acquire a 
professional engineering degree will take a fifth year at Thayer 
School, leading to the Bachelor of Science degree in civil, electrical, 
or mechanical engineering. 

A further option for graduate work under the new program is 
a fifth year in engineering science. Restricted to the ablest students, 
this curriculum offers graduate courses in math, physics, and engi- 
neering theory and requires a Master’s degree thesis. It leads to 
the Master of Science degree. 








THE ROLE OF THE FEDERAL GOVERNMENT 
IN SUPPORTING BASIC 
ENGINEERING RESEARCH 


Formerly Program Director for Engineering Sciences, 


Presented at the ECRC Session, at the Annual Meeting, Berkeley, June 


18, 1958 


In the fiscal year 1957, the expendi- 
tures by the Federal Government for 
scientific research and development 
amounted to approximately $3 billion. 
The expenditures for the fiscal year 
which ended July 1, 1958, are even 
greater but as yet are untabulated. 
More than 60 cents of every dollar for 
conducting research and development 
was obligated for development; less 
than 40 cents for research, and of this 
40 cents only 8 cents was for basic 
research. Subdividing the dollar an- 
other way, 48 cents was spent within 
the Federal Government, 35 cents 
went to profit institutions, and 14 
cents went to educational institutions. 
This amounts to nearly one-half bil- 
lion dollars for these activities in uni- 
versities and colleges throughout the 
United States. One need not state 
more figures to illustrate the impor- 
tant role of the Federal Government 
in research activities in the schools 
represented by ASEE. Of course the 
role it plays is described by one word 
—MONEY! 

More than two-thirds of the funds 
for research in educational institutions 
is provided by the Federal Govern- 
ment. This has been both a boon 
and a curse to these schools. Cer- 
tainly many misunderstandings have 
arisen concerning the motivations of 
the Government and the methods of 
distributing this money. The cry of 
mistreatment has been particularly 





GENE M. NORDBY 


National Science Foundation, now Head, 
Department of Civil Engineering, 
University of Arizona, Tucson 


great by engineers. In this artick 
the writer does not intend to “ride 
the fence” in dealing with these prob- 
lems. There will be some critical re. 
marks for both sides of the arguments. 
Perhaps at the end, neither the gov- 
ernment nor schools will be reconciled f 
with the other’s viewpoint; however, 
maybe it will result in a better under-} 
standing and a better answer to ow} 
research problems. 


Why Support Research 


First, it would be well to review 
why the Federal Government is inf 
volved in the support of research 
In sponsoring research and develop 
ment through nonprofit institutions’ 
Federal agencies may have either dj) 
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two objectives in mind. They may bf 
seeking scientific knowledge to assis 
them in carrying out the responsibil} 
ities with which they are charged. hj 
this case they may be said to be “pur? 
chasing” research and developmet 
services. On the other hand, the 
may be seeking to add to the generlf 
fund of scientific knowledge as a math 
ter of public interest. The distinctial 
between the two types is importa) 
to the understanding of the nature ¢ 
Federally-sponsored research work. f 

In the case of “purchased” researt 
and development, emphasis must née 
essarily be placed on the ability ¢ 
an institution to perform a specibl 
task expeditiously and well, at 
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achieve results of direct value to the 
interested agency. Naturally, much 
of this research is now directed to- 
ward defense activities. This type of 
research may be placed in private in- 
dustry, in educational institutions, or 
nonprofit research institutes or with 
any group most competent to do the 
job. On the other hand, in support- 
ing research and development as an 
aid to science, account must be taken 
of other factors, such as the relation 
of the proposed work to the long- 
range progress of science, the devel- 
opment of research potential, the 
needs of geographical areas, as well 
as educational benefits when the re- 
search is placed at educational insti- 
tutions. 

This distinction is not always clear 
cut in institutions. It frequently hap- 
pens that progress in science to which 
an institution is dedicated coincides 
in a given field with the justifiable in- 
terest of an agency, for eminently 
practical reasons. Thus, in a defense 
agency, for example, basic research 
in a particular field essential to de- 
velopment progress may justify sup- 
port by the agency. 


Mechanisms for Support 


The mechanisms for supporting this 
research have been many. Conspicu- 
ous among post-war organizational 
developments for research activity 
has been the so-called “research cen- 
ter,” administered usually by a single 
university or a group of universities, 
with support from the Federal Gov- 
ernment. The research center devel- 
oped as a pattern during World War 
II when a number of universities 
were engaged on research and devel- 
opment contracts for the Government 
through the Office of Scientific Re- 
search and Development. In several 
instances, the volume of work, cou- 
pled with its highly classified nature, 
made it advisable for the university 
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to segregate its war research from its 
regular teaching and research func- 
tions and concentrate it in a separate 
laboratory. Typical of such labora- 
tories were the Radiation Laboratory 
at M.I.T., the Applied Physics Labora- 
tory at Johns Hopkins, the Underwa- 
ter Sound Laboratory at Harvard and 
the Jet Propulsion Laboratory at the 
California Institute of Technology. 
Following the war some of these lab- 
oratories went out of existence and 
new ones were created as the military 
services and the Atomic Energy Com- 
mission continued to look to the uni- 
versities for large-scale research and 
development work. 

The establishment of Brookhaven 
National Laboratory on Long Island 
by Associated Universities, Inc., a 
group of nine eastern universities, 
marked the first time that a group of 
universities had incorporated for the 
purpose of carrying on research and 
development for the Government. 
Although its principal source of sup- 
port is the Atomic Energy Commis- 
sion, Brookhaven now carries on a 
wide variety of research projects, the 
majority of which are in the field of 
unclassified basic research, and it en- 
joys support from many different 
sources. 

More recently Associated Univer- 
sities, Inc., was chosen by the Na- 
tional Science Foundation as its con- 
tractor for a new Radio Astronomy 
Observatory to be established near 
Green Bank, West Virginia. In 1953, 
fifteen midwestern universities formed 
an association for the purpose of fur- 
thering research on high energy ac- 
celerators. This group is known as 
the Midwestern Universities Research 
Association. Newest of all groups is 
the Association of Universities for Re- 
search in Astronomy, which incorpo- 
rated last fall for the purpose of estab- 
lishing and operating the new Na- 
tional Astronomical Observatory. 
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It is important that this trend con- 
tinue within reason because the mag- 
nitude of equipment and facilities re- 
quired for modern research is often 
beyond the financial or operating ca- 
pacity of a single university. This is 
a type of activity which engineers 
should study and in which they can 
show their unity by giving their sup- 
port to certain important institutes. 
A typical institute might be sponsored 
by a group of universities and would 
offer opportunities to university sci- 
entists and graduate students, but it 
would be autonomous, standing sep- 
arate from any single educational in- 
stitution and planned to serve all in- 
stitutions responsible for research in 
the scientific area in question. Thus, 
institutes might be established, for ex- 
ample, for solar energy research, ma- 
terials research, or gas dynamics re- 
search. The impetus for such insti- 
tutes should, however, grow out of 
the mutual interest by a group of sci- 
entists and be guided by national in- 
terests and not those of an individual 
scientist or institution alone. 


Individual Projects 


Despite the rise of research centers, 
the individual grant or contract to a 
University in the name of a qualified 
professor has been the main method 
of supporting basic research in recent 
years. I believe that the university 
scientist will continue to be the key 
individual of the Government con- 
tract or grant program in research re- 
gardless of the motivation of the 
agency concerned. It is his leader- 
ship which is needed in the concep- 
tion of fresh, orginal ideas and in the 
exploration of new, fruitful fields in 
all scientific areas. After all it is the 
university environment and method 
of working which is conducive to this 
free-lance type of research. This is 
basically the reason why most agen- 
cies work by what is known as the 
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proposal method. The proposal is the 
device by which the scientist submits 
his idea for evaluation. It contains 
the “seed” of an idea which may ger- 
minate into a “breakthrough” into new 
knowledge. In submitting these pro- 
posals the scientist should beware, 
therefore, of orienting his research 
thinking and experimental studies 
along “popular lines” because of the 
mistaken belief that these will most 
readily receive Government financial 
support. He should not be reluctant 
to submit imaginative suggestions for 
research support. 

On this point Government research 
administrators oftentimes get into dis- 
agreements with engineers. Engi- 
neers are trained to find answers to 
specifically defined problems, but in 
this business we are asking them to 
define problems and then to solve 
them. Only by this procedure can we 
draw upon the imagination of the 
whole scientific population rather than 
the imagination of a few Government 
administrators. Consequently, it is 
urged that no attempt be made, in 
the submission of research prosposals, 
to “second-guess” Government admin- 
istrators. The existence of different 
agencies with different motivations, 
different programs and interests, and 
different operating mechanisms will 
always provide a source of funds for 
worthwhile research ideas. 

There are several agencies impor- 
tant to engineers which support re- 
search in the manner just described. 
The Office of Naval Research, the Air 
Force Office of Scientific Research, 
Office of Ordnance Research, the 
Atomic Energy Commission, and the 
National Science Foundation are the 
largest and most active of these. If 
you are a researcher or research ad- 
ministrator you should familiarize 
yourself with their policies. In fact, 
many of the active research schools 
find it advantageous to have a repre 
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sentative call upon these agencies pe- 
riodically for liaison purposes and to 
discuss their program. 

You will note that the NSF enabl- 
ing legislation restricts its support to 
“basic” research. You will also note in 
the ECRC Survey, that if “engineering 
administrators had their way” their ac- 
tivity would swing very strongly to- 
wards basic research (probably to 65 
to 70 per cent of the total) and away 
from applied research. Despite the 
fact that many definitions of basic 
have been bandied about, no one is 
sure what the term means, and per- 
haps if Congress knew how much 
trouble it caused, maybe they would 
not have put it in the law in the first 
place. Other members of the phys- 
ical sciences—well reinforced by the 
traditionalists in the engineering ranks 
-define engineering as an applied sci- 
ence and say it is not concerned with 
“basic” research. Of course if this is 
the case, the physical scientists have 
placed a “halo” around their heads 
and are merely protecting their own 
bailiwick, usually because of their lack 
of understanding of the present trends 
in the engineering sciences. Never- 
theless the other faction of our oppo- 
sition is of more vital concern to me 
because it will be difficult to win our 
battle for progress in engineering sci- 
ence research with a house divided. 


Current Trends 


Current trends in engineering edu- 
cation are toward emphasis of basic 
scientific knowledge and away from 
the traditional applied or “how to do 
it” courses. Graduate work in engi- 
neering at the MLS. level is becoming 
common, and the need for advanced 
work at the doctoral level for more 
engineers is becoming evident. Thus, 
a trend which was followed by the 
other physical sciences—physics, chem- 
istry, and mathematics—many years 
ago is today appearing in engineering. 
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This transition period is a difficult— 
yes, even painful one—for many. Let 
me present some facts to reinforce my 
arguments. The estimated total cost 
to the nation of research and develop- 
ment in the natural sciences and en- 
gineering in 1957 approached $10 
billion, according to a recent NSF sur- 
vey. Because of its growth and im- 
portance to the national economy, 
Professor Sumner Slichter, famed 
economist of Harvard University, has 
dubbed the research industry as our 
“industry of discovery.” 

Martin R. Gainsbrugh, Chief Econ- 
omist of the National Industrial Con- 
ference Board, in a recent article 
stated that 


Within little more than a decade, in- 
vestment in research has become a major 
form of capital outlay. More, in fact, 
was invested in research than in either 
new plant or new equipment in manu- 
facturing. Over one-fourth of all natural 
scientists and engineers, about 230,000, 
were employed in research and develop- 
ment in 1954 with 400,000 supporting 
personnel. 


There is little doubt that these figures 
may be greatly increased for the cur- 
rent period. 

Certainly, the time has come to ex- 
amine critically our educational sys- 
tem in engineering to see if we can 
provide more proper training for the 
work future engineers are going to do. 
Indeed, if discovery is going on at 
such a fast pace, the engineering de- 
signer must also get increased train- 
ing in science to make faster use of 
these scientific advances as they are 
made. The engineer must assume the 
role of the interpreter of science to 
practice, an area in which this country 
is seriously lacking for the future. It 
seems to the writer that this situation 
may be improved by increased em- 
phases on the engineering sciences 
and the research activity which nat- 
urally follows. At a recent research 





324 JOURNAL OF ENGINEERING EDUCATION 


and development conference in Wash- 
ington, Dr. James Killian, Science Ad- 
visor to the President, stated, “We 
need more engineering research in 
our engineering schools not only be- 
cause we need more research but be- 
cause we need more engineers nur- 
tured in the atmosphere of research.” 

Under this type of stimulus it is 
natural that the Government’s re- 
search program is aimed at the future 
science emphasis in engineering. 
Thus the “basic” research in engineer- 
ing sciences sponsored by the various 
agencies is in general areas such as 
electronics, electromagnetic fields and 
systems, fluid mechanics, heat trans- 
fer and thermodynamics, and mechan- 
ics of materials. While these re- 
searches are usually performed by 
workers whose designation is one of 
the conventional departments of engi- 
neering, the work is not limited by 
the boundaries of Civil, Chemical, 
Electrical, Mechanical or other engi- 
neering specialties but instead moves 
freely across these disciplines, both in 
its origin and contributions. Except 
for the inherent orientation derived 
from the “feed back” process of ideas 
for research flowing from practical 
problems they must solve, the re- 
search performed is often indistin- 
guishable from that performed in the 
other physical sciences. 

An example will aid in illustrating 
the type of thinking that is derived 
from such research. The area of ma- 
terials research is a field common to 
all engineers. 


Greater Complexity 


Within the past two decades the 
problems in this field seem to have 
taken a more complex turn, due to the 
introduction of such developments as 
supersonic speeds, rocket-type opera- 
tions that demand high-strength ma- 
terials with light weight, materials to 
withstand extreme temperatures of 
combustion, and unusual materials to 
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satisfy the unique requirements of 
nuclear reactors. In addition, more 
is now understood about high rates of 
strain, and dynamic, blast, and fatigue 
loads which make it important to ex- 
amine again the more common con- 
struction materials, such as concrete 
and steel, the improvement of which 
will have an important effect on the 
national economy. 

Modern research into these mate- 
rials requires far beyond what has 
been included thus far in the scope 
and experience of the conventional 
metallurgist, engineer or scientist, be- 
cause their study is no longer limited 
to the physical properties of mate- 
rials. As an example, ceramics and 
mineral-like materials are becoming 
very important, and require develop: 


ment of unusual techniques for their F 
It has been | 
found that these usually brittle mate- | 


fabrication and use. 


rials may be ductile under certain 
circumstances also. 


promising, and the polymers offer un- 
usual properties. Likewise the elec- 
tronics industry has found significant 


expansion by the use of semi-condue- [ 


tors, with even more in promise for 
certain 
used at cryogenic temperatures. 


The analytic and test techniques | 
have also become more complex. f 
Analysis for molecular bonding, sur- 
face characteristics, and crystalline | 
structure have been intertwined with 7 
difficult theories of solid state physics. § 
The metallurgist, as we think of him, 7 
would have great difficulty in meeting F 


the new demands. In fact, he would 


have to enlist the support of the solid 
state physicist, the chemist and the? 
Clearly, a change in em 
phasis is needed from conventional) “ 
research and education in materials tof time 
that involving extreme environmental 7 their 
conditions for which the researcher? 


should have a broad background it : 


engineer. 


The use of sur- | 
face coatings is greatly expanded and | 





super-conducting materials | 
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the various scientific fields. It is evi- 
dent from conversations with several 
professors that these ideas are being 
rapidly developed at the educational 
level. This provides an example of 
the direct connection between re- 
search and education. 


NSF Procedures 


You may say, at this point, that my 
philosophical arguments are fine but 
ask “isn’t the Government forcing this 
down the engineer’s throat.” The 
answer is no. First it is pointed out 
that it was Vannevar Bush, an engi- 
neer, who wrote the report “Science— 
the Endless Frontier” to the President, 
which resulted in the creation of the 
National Science Foundation. The 
National Science Foundation has been 
conscious from the very beginning 
that a few people—no matter how 
competent—in a government agency 
cannot master-mind science. Conse- 
quently, a complex of advisory panels 
and reviewers drawn from each scien- 
tific field to advise us what path to 
take is used. Even in the review of 
proposals, the referee system is used. 
In this system, experts in the particu- 
lar field in question give opinions as 
to the scientific merit of the problem 
and the potential of the principal in- 
vestigator. Thus, it is engineering 
scientists, not the Government, who 
are making the decisions as to what 
research is to be supported. The deci- 
sion as to whether the research is basic 
or applied is made by engineers, prin- 
cipally, except when an engineer in- 
vades an area dominated by another 
field of science. In the latter case, he 
must compete with people from that 
field, but my past observations are 
that engineers are not at a disadvan- 
tage in this, and that engineers at this 
time of change are more critical of 
their own activities than the physicist 
or chemist who might be used for 
review. 
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Weak Points 


Perhaps you now feel that the 
writer has expressed complete hap- 
piness with the Government research 
operation and support. He did not 
mean to do so. There is a serious 
lack of support of the more routine 
type of engineering research which is 
of great import because of its effect 
on the national economy. The ASME 
in their research publications calls this 
“background research.” Reference is 
made to such work as the study of 
the fatigue of materials and the im- 
provement of engineering analysis by 
adoption of computer methods. These 
are areas which are fundamental to 
progress and to economic develop- 
ment in industry but are so slowly ac- 
cumulated or are needed by industries 
so diversely organized that they can- 
not be supported otherwise. The con- 
struction industry is a good example 
of such an industry. Their research 
provides a significant and worthwhile 
activity for engineers despite the fact 
that major “sputnik” type break- 
throughs will not be accomplished. 
The writer is not alone in this belief. 
The following quote of Dr. James Kil- 
lian is pertinent to this situation: 


As I look at the total spectrum of our 
research and development effort, I see 
deficiencies also in the area between 
basic research and development, the area 
that is sometimes called supporting re- 
search or component development or en- 
gineering research. After observing many 
research and development programs, I 
am sure that we would avoid costly mis- 
takes in hardware development if we saw 
to it that the supporting research was 
done more thoroughly. 


Nevertheless, a narrow interpreta- 
tion of the enabling legislation pre- 
vents National Science Foundation 
from supporting such research. En- 
gineers tell me they feel this violates 
the original intent and spirit of the 
National Science Foundation Act. If 
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enough engineers feel this way, they 
must either seek clarification of the 
law through Executive Order or mod- 
ification of the law through Congres- 
sional action. 

Despite the apparent lack of sup- 
port in certain areas, sometimes it is 
astounding what schools will ask of 
the government. They seem to think 
that the National Science Foundation 
is willing to support most anything 
no matter how closely related to their 
regular duties. One must admit that 
it is oftentimes less trouble to propose 
projects to us than to industry, since 
it involves less “bush beating.” Many 
projects that NSF receives could be 
supported by industry either directly 
or through its associations. Certainly 
most academicians realize the danger 
of Federal control of science by com- 
plete domination of research support. 
Dr. E. A. Eckhardt, formerly Assistant 
Director for the Mathematical, Phys- 
ical, and Engineering Sciences at 
NSF, has remarked as follows about 
the situation: 


Every dollar of support first of all comes 
from some taxpayer somewhere in the 
United States. It gains nothing in po- 
tency by having made the trip to Wash- 
ington and back. Should not the uni- 
versities deal more aggressively with the 
problem of intercepting this dollar and 
saving it the wear of the long trip? 


In regard to overhead, the Founda- 
tion has continually studied this prob- 
lem to almost everyone’s exhaustion 
since the inception of its research pro- 
gram. As a result of these studies 
NSF recommended “that in support- 
ing research conducted in institutions 
of higher learning, agencies of the 
Federal Government, if requested, re- 
imburse these institutions for those 
indirect costs associated with the di- 
rect cost of research supported.” Es- 
sentially this means that each institu- 
tion may request a rate in accordance 
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with the “Blue Book” principles, or 
elect a flat rate of 25 per cent of sal. 
aries. The issue is now in process of 
resolution within the executive and 
legislative branches of the Govern. 
ment. In spite of this report the at. 


titude still prevails among many agen. 


cies that the major purpose of the 
government program is to assist re. 
search and that the Government 
should not completely subsidize basic 
research. It is true, nevertheless, that 
the support programs are partnerships 
in which the Government and re. 
search institutions are joint partic. 
ipants and contributors. Federal funds 
are provided for the assistance, ac- 
celeration, or expansion of research 
studies which originate with the re 
search scientist. Much of this re 
search would be performed, regardless 
of Government support, but probably 
at a reduced rate or time delay. The 
low overhead rate is often justified by 
the fact that this allows a contribu. 
tion by the university. 

Today, economic and political stat- 
ure is practically impossible if scien- 
tific and technological stature does 


for this scientific supremacy will be 
won or lost in the research labora- 
tories of our universities, we must 
support them at the level of our ex 
pectations and this includes full over- 
head payment. 

The recent ECRC Survey of Engi- 
neering Colleges Research Capabil- 
ities * and Potentialities found that 
approximately 550 man-years of ur 


tional ranks. 
utilization plus a large investment i 
capital facilities. 

* A Survey of Research in the Nations 
tentialities, ECRC-ASEE, June 1958. 
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Tough Competition 


The competition for “basic” research 
funds is tough. Within the National 
Science Foundation alone, six out of 
seven research proposals received are 
rated as meritorious and worthy of 
support. Yet only one out of four of 
these meritorious ones can be sup- 
ported due to lack of funds. This is 
tue for all disciplines within the 
Foundation. Nevertheless, vigorous 
complaints are heard from all quar- 
ters that there is unfair distribution of 
funds by scientific discipline. The 
truth is that the funds are so small 
everyone feels mistreated. 

For example, a common criticism is 
that NSF does not support the young 
investigator, yet statistics show that 
last year over thirty per cent of the 
grants in engineering science went to 
An- 
other criticism is that NSF does not 
give grants to the smaller schools, yet 


_ current grants exist in forty-three 
' states and such distribution could 
tical stat | 


hardly exist without a large percent- 


_ age going to those schools which are 


not renowned for their research. 
NSF, together with engineering edu- 
cators, is well aware that the engi- 
neering research potential can be 


NSF has learned, how- 
ever, that it can do little until the 
school is ready to help itself. Some- 
times a school seems to look at NSF 
as some sort of academic welfare 
fund. This is not the case; the law 


_ and history of the situation are clear; 
rs of ub) 


NSF is to support “basic” research, 


not the institutions doing “basic” re- 
g educa | 
equire al) 
ar for full” 
nt inf 
— gulp, yet they must peacefully make 
| a stew from the rabbit and give each 

he Nation) 
es and Po i 


search. The situation reminds the 
writer of a pack of hungry wolves 
chasing a scared rabbit. Any of the 
wolves could take the rabbit in one 


some nourishment. It seems that all 
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of us should put more effort into sup- 
plying more rabbits (a problem in 
basic research to be sure). 


The Public 


Usually engineers and scientists are 
sadly lacking in the line of communi- 
cation with their fellow men. Some 
of them seem to think that support 
funds will increase and that there will 
be funds forever without any effort on 
their part. In a democratic society it 
is the public who decides in the long 
run what will be done. We must 
make special effort therefore to pub- 
licize the results of research in lan- 
guage understandable to them. This 
is a personal matter for each one of 
you. Researchers must face the fact 
that the public has been exposed to 
publicity which describes “basic” re- 
search as “useless” research. That 
basic research is the kind that “de- 
termines what makes fried potatoes 
brown.” I’m sure that many people 
think that funds provided for “basic” 
research provide a sort of “slush” fund 
for the professors’ entertainment. Yet 
recently when the “sputnik” incident 
occurred, we had a good example of 
how the purse strings can be loosened 
when those who hold them become 
aware of a critical situation. Re- 
searchers must learn to mesh gears 
with this public reaction so that we 
have support with more continuity if 
possible. You should not neglect 
your elected representatives in this in- 
formation disbursement. If you like 
the type of support the National Sci- 
ence Foundation gives, tell these rep- 
resentatives. Keep in mind that the 
public does not like to support useless 
activities. Citizens expect to see use- 
ful resulgs over the long haul. We 
must + them aware of these de- 
velopm€nts made possible by research 


as they occur. 








EDUCATION FOR THE NEW ERA 

OF HIGH TEMPERATURE TECHNOLOGY: 
THE CHALLENGE TO CERAMIC 
ENGINEERING EDUCATION 


Presented to the Mineral 
Meeting of ASEE, June 17, 


Introduction 


Developments in high speeds and 
high energies have inaugurated the era 
of high temperature technology. One 
of the principal limitations of this new 
technology is materials: materials that 
can withstand the high temperatures 
generated without failure of any kind. 
Metals have experienced considerable 
attention primarily because of their fa- 
vorable mechanical properties. How- 
ever, it has become apparent that 
metals will be inadequate for the 
higher temperatures due to their poor 
resistance to oxygen and loss of 
strength at high temperatures. Ce- 
ramic materials, on the other hand, do 
not have these limitations; they are 
the potential materials of the future. 
The fundamental understanding and 
full engineering development of these 
materials, then, becomes a challenge 
to ceramic engineering education. 

On the basis of the definition of en- 
gineering proposed by ECPD in 1957, 
“Ceramic engineering is the profes- 
sion in which a knowledge of the 
mathematical, chemical and physical 
sciences gained by study, experience 
and practice is applied with judgment 
to develop ways to produce and uti- 
lize economically products formed 
from non-metallic inorganic materials 
for the progressive well being of man- 
kind.” Broadly speaking, then, the 
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field of matter is covered by ceramics; 
metallurgy, a parallel field concerned 
with products of a metallic inorganic 
nature; and chemical engineering, pri- 
marily involved with fluids. 

A brief review and analysis of the 
history and engineering requirements 
of ceramic products indicates the rea 


son for the existence and genera} 


status of a challenge to ceramic engi- 
neering education. Education in this 


field was started at Ohio State Uni-} 


versity in 1895 to serve the needs o 


the traditional divisions of structurdf 


clay products, refractories and white 
wares. Later, glass and porcelain 
enamels were included. These prot: 


ucts were adequate to meet th) 


demands placed on them by the struc 


tural industries which were the prin 
cipal users. Consequently, close tol 
erances and other extreme mechanical) 
and electrical characteristics were nd? 
Furthermore 
metals were also satisfactory for mos) 


demanded of them. 


applications because of their property 


of ductility. Thus, there was wy 
strong technical urge and it was ech 
nomically unfeasible to attempt tf 


make better ceramic products. Edv- 


cation was satisfactorily based on et} 


gineering practice used in production! 

With the development of variou 
technologies the demands on eng 
neering materials became more exact 
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ing. Metallurgy benefited by provi- 
sion of funds for fundamental studies. 
It also benefited by the contribution 
of physicists who became interested 
in solid state studies and chose metals 
because of their simplicity in com- 
parison with the complex ceramic ma- 
terials. 

The same factors are now active in 
the fundamental development of ce- 
ramics. Recent experiments on duc- 
tility of ionic materials have created 
a new optimism and a driving force 
for fundamental studies. The gov- 
ernment through its various agencies 
is supporting a great deal of research 
on nonmetallic materials. 
and physical metallurgists, who have 
acquired a fundamental background 
on microstructures of metallic mate- 
rials and their effect on properties, 
have become interested in non-metal- 
lic compounds. New materials and 
more accurate engineering data on 
conventional materials will undoubt- 
edly result with all this activity. Ce- 
ramic engineering education is adjust- 
ing itself to the situation by critical 
reviews of its curricula. 


Engineering Science of Ceramics 


The demand for properties and 
precision beyond those obtained by 
conventional production techniques re- 
quires a fundamental approach: know- 
why, rather than know-how. Such 
changes are now taking place, both 
along physical and chemical lines. 

Physical Ceramics. Relationship of 
structure to properties of materials is 
already recognized as an engineering 
science. Physical metallurgy is part 
of it. Physical ceramics is also part 
of it although the state of the knowl- 
edge is not as yet as far advanced. 
Considerable research is now in prog- 
ress and in time there should be ac- 
tivity parallel to that of physical met- 
allurgy. The development of physical 
ceramics and a course covering the 
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subject is a challenge that is being 
met. 

The specialized scientific funda- 
mentals upon which this engineering 
science is built up are solid state 
physics, kinetics, crystal chemistry 
and surface physics and chemistry. 
This core of subjects also constitutes 
the fundamentals for the study of 
metals and accounts for the acceler- 
ated and extensive research program 
in physical ceramics by physical met- 
allurgists as well as the ceramic engi- 
neers. 

An illustration of the importance of 
driving forces for work in certain 
fields is that of ductility of ionic cubic 
crystals. The first experiments illus- 
trating the ductility of sodium chlo- 
ride were made in 1928, but they were 
not followed up. They were interest- 
ing but there was no economic driv- 
ing force for continued and extensive 
research along those lines. There 
were also popular fallacies that dis- 
couraged work with ceramic mate- 
rials—that oxides had bonds that could 
not be broken and remade without 
fracturing the piece. The recent ex- 
periments with magnesium oxide in- 
dicated that oxides had inherent duc- 
tility. Now, however, the great need 
for high temperature engineering 
materials has caused a tremendous re- 
action to this experiment with a result- 
ing strong driving force for continu- 
ing work. The challenge to ceramic 
education is to absorb this and other 
work in this field, continue and ex- 
pand it, and incorporate it into the 
proper courses. Many new develop- 
ments in ceramic materials should con- 
sequently arise in the next years. 

Chemical Ceramics. Chemical 
changes and reactions of materials at 
high temperatures are just as impor- 
tant as their physical properties. Con- 
siderable work is now in progress 
pursuing this phase. This work in- 
cludes high temperature stabilities of 





compounds alone and in contact with 
gases, vapor pressures and vapor spe- 
cies, and solid state reactions. Spe- 
cific subjects used for a background 
include thermodynamics, phase rela- 
tionships, kinetics, crystal structures, 
and surface chemistry. This overall 
field is frequently referred to as high 
temperature chemistry. 

Again, the same historical pattern 
is evident. Early experiments were 
interesting but the driving force for 
continuing work was weak because of 
the low economic interest in very high 
temperature processes. This situation 
was changed with the development of 
atomic energy. Crucibles of special 
refractory materials with very low re- 
activities were a necessity. This work 
has expanded and considerable activ- 
ity is now in progress. 

This type of knowledge certainly 
must be part of the scientific base of 
ceramic engineering. The challenge 
constitutes the inclusion of this mate- 
rial in the curricula. 


Unit Operations of Ceramic Engineering 


Until recently the ceramic engi- 
neering curricula included engineer- 
ing practice courses in each of the 
principal product branches of the in- 
dustry. This approach was adequate 
to meet the demands of the tradi- 
tional industry. The situation, how- 
ever, is becoming untenable. With 
all the other subject matter that is 
now considered to be essential in an 
engineering curriculum, and with the 
additional requirement of special en- 
gineering science courses to provide 
a proper background for studies in 
physical and chemical ceramics, the 
problem of available time becomes 
critical. 

The only answer to this situation is 
elimination of courses by condensa- 
tion of common subject matter.. The 
chemical engineers were faced with 
this problem years ago and solved it 
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by development of unit operations 
and unit process courses. The same 
situation now exists in ceramic engi- 
neering and in time all the curricula 
will also have unit operations courses, 

Another advantage of this develop- 
ment is the emphasis that is placed 
on the unit operations themselves, 
This situation has created a greater 
awareness of the deficiencies of the 
knowledge on the basic fundamentals 
of the processes themselves. It is 
now apparent that research in this 
field is just as necessary as in the en- 
gineering sciences in order to meet 
the more exacting specifications and 
to attain desired microstructures. 

The unit operations characteristic 
of ceramic engineering deal with the 
treatment and forming of products 
from non-metallic inorganic solids and 
slurries and plastic masses containing 
such solids. As an example, the study 
of rheology of mixtures is necessary 
for a fundamental understanding of 
the forming processes. 

The challenge to ceramic engineer- 
ing education in this case is the de- 
velopment of unit operations courses 
and their inclusion in the curricula. 


Conclusions 


In conclusion, then, the challenge | 
to ceramic engineering education pre- 
sented by the new era of high tem- 


perature technology consists in the | 


development of a strong scientific ap- | 





proach to the study of non-metallic © 


inorganic materials and also the de- 
velopment of a strong unit operations 


approach to the production processes. | 
The former is accomplished through | 


participation in and contribution to 


the engineering sciences of physical © 





ceramics and chemical ceramics or | 
high temperature ceramic chemistry. | 

The ceramic engineer, thus, will be | 
concerned with the production of | 
non-metallic inorganic articles. An/ 
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engineer trained primarily in physical 
ceramics will be closely allied with 
one trained in physical metallurgy, be- 
cause the scientific fundamentals on 
which both are based are common 
and neither may be concerned with 
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the production of an article from the 
raw material stage. A combination of 
these phases is not difficult and is 
reaching accomplishment at Berkeley. 
A person trained in this manner would 
become the materials engineer. 


CANADIAN COLLEGES AND UNIVERSITIES 
ENGINEERING REGISTRATION 


The Engineering Institute of Canada has released the results of 
its annual survey of engineering registration at Canadian universities 


and colleges. 


The tabulations were prepared from lists obtained 


direct from the university registrars, and compiled at Institute Head- 


quarters in Montreal. 


The grand total of the enrollment now stands at 14,552 as com- 
pared with 14,247 a year ago. This increase, slightly over 2%, is the 
smallest rise for quite a few years. This year’s survey discloses a 
sharp drop in the number of new engineering students starting their 
courses this year. The total new class number 4,572 against 5,132 


last year, a decrease of 11%. 


A slight decline is expected in 1959 graduates. If students pres- 
ently in their final year complete their courses, 2,104 will graduate 
and enter the profession next spring. This follows an estimated 
figure of 2,130 for 1958. If the forecast proves accurate, it will mark 
the first time that the size of the graduating class has fallen off since 


the student veterans left the scene. 


There now are 30 educational institutions in Canada where some 
kind of an engineering course is offered, and 15 of these now grant 


degrees. 


An examination of the results in the different faculties 


shows a steadily increasing interest in the study of engineering 
physics. Total enrollment in this branch now stands at 727, which 


is an increase of 1244% over 1957. 


a 








AND THEIR EFFECT 


CURRENT TRENDS IN HEAT TRANSFER 


ON UNDERGRADUATE TEACHING 


S. P. KEZIOS 


Professor of Mechanical Engineering 


and Director, Heat Transfer Laboratory, Illinois 


Institute of Technology, Chicago 


Presented at the Joint Conference of the Chemical Sena, Civil 


Engineering, Electrical Engineering, Mechanical Engineering, an 


Phys- 


ics Divisions, June 19, 1958, at the 66th Annual Meeting of ASEE in 
Berkeley. Recommended by the Mechanical Engineering Division. 


At the Conference on Science and 
Technology for Deans of Engineering 
held at Purdue University in Septem- 
ber 1957, Dean George A. Hawkins 
made certain remarks among his other 
opening statements pertaining to the 
history of that conference, and I 
would like to quote from them. 

The complete proceedings of that 
meeting have already appeared in 
book form? sans, unfortunately, the 
lively discussions reported to have fol- 
lowed some of the talks. Certainly 
that conference, as pointed out by 
Dean Hawkins, augments the work of 
the ASEE and of the professional so- 
cieties and, although I have not read 
them in their entirety, there are parts 
of the proceedings which ought to be 
of direct and considerable interest to 
many of us here today. 

I now quote from Dean Hawkins’ 
remarks. 


During the past twenty years we have 
all observed unbelievable developments 
in science and technology. The impact 
of the new concepts will have a profound 
influence on engineering education now 
and in the future. 

As pointed out by Norman Barish and 
others, there is a critical shortage of engi- 


1“Recent Advances in the Engineering 
Sciences—Their Impact on Engineering Edu- 
cation,” Proceedings of the Conference on 
Science and Technology, McGraw-Hill, New 
York, 1958. 


ners in two categories in particular, 


namely: 


1) Engineers having an educational 
background oriented toward mathematics 
and sciences. 


2) Engineering graduates having un- | 


usual analytical and design ability. 
The first group is comprised of those 

primarily interested in the research and 

development functions. 


professional engineering work. 


uses, and will continue to use, large num- 
bers of engineers interested in such func- 


tions as production, maintenance, sales, f 


etc. The existing programs of study 
may or may not be suitable for the edu- 
cation of the engineers of tomorrow. 
We, as engineering administrators have 
a great responsibility in the study and 
design of educational programs. 


Those in the | 


second group are interested chiefly in | 
In addi- f 
tion to these two classes, industry now | 





May I add that we, as engineering F 
educators, share in that responsibility, | 
at least from the viewpoint of our spe f 


cial fields of interest. 


And so, this? 


afternoon, I would like to offer a fewF 
ideas on some current trends or, in af 
more accurate sense, important pres F 
ent-day topics in the field of heat) 


transfer, and try to point out why 


they are important to the teaching of 
undergraduates and, in an instance oF 


two, how they might be treated, o 


how they are being treated. 
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Role of Mathematics 


I would like to begin with the rec- 
ognition that college students in engi- 
neering are receiving more extensive 
mathematical training than the stu- 
dents ten or more years ago. Today 
the formal mathematical requirements 
carry a student through differential 
equations, and in the curricula of a 
number of engineering schools, this 
requirement is satisfied by the end of 
the sophomore year. It is important, 
then, that this more adequate prep- 
aration be exploited to the fullest ex- 
tent so that the student can get the 
maximum benefit from his undergrad- 
uate training. Industry recognizes the 
value of the better mathematical back- 
ground in the engineer’s work, and is 
beginning to rely on it in the engi- 
neers that they hire. 

In heat transfer, particularly in 
dealing with conduction problems, 
but in other topical areas as well, such 
as the boundary layer, it is apparent 
that the mathematical training that 
the students have is not being utilized 
to the fullest. One need only examine 
the current undergraduate textbook 
treatment of conduction problems in 
more than one independent variable 
to see that this is so. Certainly the 
concept of the partial derivative has 
been introduced to the student in the 
calculus; any good undergraduate cal- 
culus book may be consulted to see 
that this has been so for a long time. 
Herewith, the development of the 
general three-dimensional unsteady- 
conduction state heat equation can be 
brought about applying the first prin- 
ciple of thermodynamics and the rate 
equation. One can readily arrive at 
a general result—say the Fourier-Biot 
equation, which may even include uni- 
formly distributed heat sources—and 
then proceed to some solutions of re- 
duced forms of the equation. In my 
experience, the students have not 
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found too much difficulty in under- 
standing and working with the math- 
ematical technique of the product 
solution and resulting separation of 
variables in connection with the solu- 
tion of one-dimensional unsteady-state 
heat flow, governed by the so-called 
parabolic equation. 

One cannot carry out adequate 
analysis in a subject such as the engi- 
neering science of heat transfer, in 
which the development of analytical 
thinking plays a sizable role, without 
adequate use of mathematics. The 
one independent variable problem has 
too limited application and, since the 
student has the mathematical back- 
ground to handle more involved prob- 
lems allowing extension of principles 
to two or more variables, I say why 
not use it? 


Importance of the Boundary Layer 


In the field of convection it is not 
sufficient any more to synthesize cor- 
relations on the basis of dimensional 
analysis alone without giving proper 
insight into the mechanisms that un- 
derlie the convection phenomenon. In 
this connection, one should introduce 
the concept of the hydrodynamic and 
thermal boundary layers at some stage 
of the treatment of convective heat 
transfer. Needless to say, one cannot 
discuss convection without discussing 
at the same time the fluid flow, the 
two phenomena being inseparable. 

A few words about the boundary 
layer are in order here to place it in 
its proper perspective from the view- 
point of its importance in heat trans- 
fer today. 

The introduction of the concept of 
the boundary layer by Ludwig Prandtl 
back in the year 1904—which, inci- 
dentally, came to Prandtl while he 
was in the midst of designing an ex- 
haust system to remove wood shav- 
ings and sawdust from a pattern shop 
—certainly places it on a time scale 
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as something outside of a current de- 
velopment; it is, however, a modern 
idea of tremendous practical impor- 
tance and with consequences in fun- 
damental research, in development, 
and in design that are current and 
far-reaching in the domain of heat 
transfer and fluid flow. A very large 
portion of the significant engineering 
work in the heat-transfer field carried 
on in the last 15 or 20 years, and still 
being carried on vigorously at the 
present time, stems directly from the 
boundary layer concept. 

It may be recalled that Prandtl, in 
his now classical work of 1904, hy- 
pothesized that the flow of a fluid 
about a solid body can be divided 
into two regions, one being a rela- 
tively thin layer near the surface of 
the body in which viscous forces pre- 
dominate (called the boundary layer), 
and the remaining region outside this 
layer where frictional effects may be 
neglected. Herewith, he took the ini- 
tial and giant step to reconcile and 
unify two formerly divergent branches 
of the science of fluid mechanics, the 
science of theoretical hydrodynamics 
which evolved from Euler’s equations 
of motion for a frictionless, non-vis- 
cous fluid, and the empirical science 
of hydraulics, which was based on ex- 
perimental data. The latter science 
was given birth by the needs of engi- 
neers and applied scientists who re- 
quired answers to pressing practical 
problems precipitated by the indus- 
trial revolution, problems such as 
those of pressure losses in pipes and 
channels and the basic problem of 
drag force on bodies moving through 
real fluids. 

Subsequently, with the introduction 
of the concept of the thermal bound- 
ary layer, basic insight into the con- 
vective heat transfer in pipes and 
channels, as well as the heat transfer 
from solids to fluids, was gained; 
moreover, one obtained directly from 
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thermal boundary layer analysis a 
theoretical prediction of the local co- 
efficient of convective heat transfer 
in terms of the temperature gradient 
at the solid-fluid interface, and mean 
values of the coefficient can be ob- 
tained by integration. That the 
boundary-layer theory leads to accur- 
ate predictions of the heat transfer is 
well established. 

The principal motivation to explore 
flow problems in terms of boundary 
layer theory was originally supplied 
by man’s interest in flight. Rapid ex- 
tensions of knowledge, born of war- 
time researches in flight at high-speed 
and in ballistics and rocketry, have 
carried us to a host of heat-transfer 
problems on missiles and space vehi- 
cles leaving and entering the atmos- 
phere. 

The intense heating effects pro- 
duced on surfaces past which fluids 
flow at very high speeds are in many 
instances wholly or partially tract- 
able by a boundary-layer type of 
analysis, albeit new dimensions of 
complexity may be added. One may 


cite as an example the cooling of a | 
surface by the introduction of a fluid | 


through pores in the surface, tran- 
spiration cooling. 
material transport process is involved 


as well as the energy transport proc- | 
ess. A more complicated phenom- | 


enon is that of ablative heat transfer 
in very high-speed bodies. 


solid surface of the body changes 


phase and may be partially vaporized | 


and partially swept away. It is my 
understanding that some inroads on 
the ablation problem have been made 


using boundary layer theory as a basis F 


for analysis. 

It would not be correct to allow the 
inference to be drawn from the above 
brief remarks on the boundary layer 
that all of the less severe convective 
heat transfer problems have been ade- 


In this case the | 


In this | 
type of heat transfer, material at the | 








Jan., 


qua 
mus 
ical 


has 
con 
ory 
ply: 
defi: 
ovel 
ovel 
flow 


trus' 
the 
neer 
us a 
the : 
lems 
Man 
tions 
anal 
denc 
are 


ques 
a CO 
the 

trans 
to n 
civil 
The 
it be: 


Teac 


invol 
heat 
one 

the c 
ernin 
with 
trans{ 
der yp 
mean 
dent 
backg 
the o 
ably | 





49—No. 4 


lysis a 
cal co- 
transfer 
radient 
d mean 
be ob- 
at the 
) accur- 
nsfer is 


explore 
yundary 
upplied 
apid ex- 
of war- 
h-speed 
y, have 
transfer 
ce vehi- 
> atmos- 


ots = pro- 
h fluids 
in many 
y tract- 
type of 
sions of 
Jne may 
ing of a 


fa fluid ; 


se, tran- 


case the | 
involved | 
ort proc: F 


phenom- 


transfer | 


In_ this 


al at the | 


changes 


aporized 


It is my 
roads on 
en made 
as a basis 


allow the 
he above 
ary layer 
onvective 
been ade- | 








Jan., 1959 


quately treated. There still remains 
much work to be done both analyt- 
ically and experimentally. But it is 
fair to say that substantial progress 
has been made in both free and forced 
convection using boundary layer the- 
ory for a rather large number of sim- 
ply defined flow configurations. These 
defined configurations include flow 
over cylinders, normally and axially, 
over spheres and along flat plates, 
flow in channels and pipes, and over 
bodies of revolution and other shapes. 

The above brief sketch serves, I 
trust, to illustrate the importance of 
the boundary layer concept in engi- 
neering practice today. It has given 
us an extremely fruitful approach to 
the solution of many important prob- 
lems involving transport processes. 
Many of the existing analytical solu- 
tions obtained using boundary-layer 
analysis, along with experimental evi- 
dence which corroborates the theory, 
are current to engineering practice. 

There appears to be little or no 
question that so important and useful 
a concept should be introduced into 
the undergraduate course in heat 
transfer, whether the course is taught 
to mechanical, chemical, electrical, 
civil or other engineering students. 
The question seems to be how can 
it best be done. 


Teaching the Boundary Layer Concept 


Undoubtedly a consensus of those 
involved in teaching undergraduate 
heat transfer would indicate, on the 
one hand, that the introduction of 
the complete general equations gov- 
erning the motion of real fluids, along 
with the general equation for heat 
transfer in a moving fluid, would, un- 


- der present conditions, prove almost 


meaningless to the undergraduate stu- 
dent because of the lack of adequate 
background to comprehend them. On 
the other hand, the least that prob- 
ably should be done is to present a 
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thorough qualitative picture of the 
boundary layer and its essential char- 
acteristics along with the meaning of 
shear stress and coefficients of heat 
transfer in terms of, respectively, the 
velocity gradient and temperature 
gradient at the surface. This de- 
scriptive approach might also be car- 
ried out for the free convection on a 
vertical surface to point out the unique 
character of the velocity profile for 
this case, i.e., the zero velocity at the 
surface (no-slip condition) and the 
asymptotic approach to zero velocity 
at large distances from the plate, with 
the maximum velocity in between. 
Similarity of the velocity profiles and 
of the temperature profiles should be 
brought out. 

A somewhat better approach is that 
of presenting, in addition to a thor- 
ough qualitative discussion, the in- 
tegral form of the momentum and 
energy equations, with some simple 
applications, as is done in the latest 
(3rd) edition of the Jakob and Haw- 
kins text.? 

Perhaps the best approach to the 
equations of the hydrodynamic and 
thermal boundary layer is the funda- 
mental, yet rather elementary, treat- 
ment presented in the new text on 
heat transfer by Giedt.* Here, the 
hydrodynamic and thermal boundary 
layer equations are derived for flow 
along a flat surface, and then the 
author demonstrates their application. 
Also, a clear picture of the meaning 
of the local coefficient of heat transfer 
in terms of temperature gradient at 
the heat-transfer surface is presented, 
as well as the integration to obtain 
average values. 

While it is claimed by Professor 


2M. Jakob and G. A. Hawkins, Elements 
of Heat Transfer, John Wiley and Sons, New 
York, 1957; pp. 143-151. 

3 Principles of Engineering Heat Transfer, 
D. Van Nostrand Co. Inc., New York, 1957; 
pp. 135-139. 








336 


Giedt that his treatment does not 
transcend the background that the 
average junior engineering student 
has acquired, it may well represent 
the limit of what the average student 
can handle at the present stage of en- 
gineering education. Admittedly, the 
better students should have little 
trouble with it. So much for the 
boundary layer. 


Liquid Metals as Heat Transfer Media 


A consequence of the advent of nu- 
clear power has been the use of liquid 
metals and liquid-metal alloys as heat 
transfer media. These metals include 
sodium, potassium, mercury, bismuth, 
and lead, and certain of their alloys. 
Of these, mercury, because of its use 
in binary-vapor power cycles, has the 
longest history of practical application 
as a heat transfer medium. The 
liquid metals as a group possess ther- 
modynamic and heat-transfer charac- 
teristics that make them second only 
to water as desirable heat-transfer 
media for reactor heat removal,‘ and 
water has the considerable disadvan- 
tage from the viewpoint of mechan- 
ical design of the high pressures as- 
sociated with high temperatures, such 
as those experienced in reactor opera- 
tion. 

The whole of reactor technology is 
so complex that it involves practically 
all of the engineering disciplines as 
well as the fields of theoretical and 
experimental physics and chemistry. 
From the viewpoint of the heat-trans- 
fer engineer or the power engineer 
a power reactor can be considered as 
another energy source, admitting, 
however, that it has thermal and de- 
sign problems and limitations which 
are unique unto itself. The use of 


4 Liquid Metals Handbook, Section 4.1, 
U. S. Govt. Printing Office, Washington, 
D. C. 1952. 
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liquid metals gives rise to some of the 
difficulty because they pose difficult 
handling problems, although, as in the 
case of compact atomic reactor de- 
sign, they provide the most effective 
cooling and they take advantage of 
high temperatures and high rates of 
energy release per unit volume. 
Because of the promise of liquid 
metals,» which have high thermal 
conductivities (compared with other 
fluids) and low viscosity, giving low 
Prandtl numbers, some attention 
should be paid in the undergraduate 
teaching of heat transfer to their spe- 
cial features and to the mechanism of 
heat transfer involved. The Jakob 
and Hawkins text® discusses the 
mechanism and presents the theoret- 
ical equations of Lyon and of Seban 
and Shimazaki for liquid-metal flow 
in a tube; Giedt’s book’ discusses 
characteristics of this class of fluid 
media, presents property values (from 
the Liquid Metals Handbook), dis- 
cusses the lead-bismuth experiment of 
Johnson, Hartnett and Clabaugh, and 
also presents the theoretical equation 
of Lyon, as well as the empirical 
equation of Lubarsky and Kaufman; 


the text of Brown and Marco ® gives | 
a very much abbreviated account of f 


liquid metal heat transfer, including 
the Lyon approximation to Martinellis 
equation. 

For a more comprehensive treat- 
ment as background material, refer- 
ence is made to the late Max Jakob’ 
second volume of Heat Transfer.® 


5 It may be recalled that another rather f 


old use of a liquid metal because of its supe 
rior heat-transfer characteristics was in the 
automotive engine sodium (core) valve. 
6P, 142. 
7P. 183. 
8 A. I, Brown and S. M. Marco, Introduc- 
tion to Heat Transfer, McGraw-Hill, 1958. 
® Heat Transfer, Vol. II, John Wiley & 
Sons, New York, 1957; chapter 4. 
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Conduction with Internal Heat 
Generation-Additional Examples 


It is pertinent to our subject that 
the solid-fuel type of nuclear reactor, 
aside from giving rise to convection 
problems in which liquid metals or 
boiling water are involved in channel 
flow, also presents us with some inter- 
esting variations on the basic problem 
of conduction in solids with internal 
heat production. The heat genera- 
tion takes place in the fuel while sub- 
jected to the neutron flux. Interesting 
variations on the boundary conditions 
occur because of the shape of the fuel 
element, such as plate-type or rod- 
type, and because the highly-corrosive 
fuel is invariably clad in a protecting 
metal which does not generate heat 
itself. This problem, as one recog- 
nizes, is governed by the Poisson 
equation either in one dimension or 
in cylindrical coordinates for the geo- 
metries mentioned above. 

The usual heat production prob- 
lems arise in electrical conductors and 
in bodies made up of windings, items 
of interest to the electrical engineer 
primarily, but other applications are 
to be found, under suitable approx- 
imation, for instance in a reacting 
chemical solid (endothermic or exo- 
thermic) or in the cooling of concrete. 

Glasstone *° gives several examples 
of the internal heat production prob- 
lem with a number of interesting 
combinations of geometry of clad ele- 
ments and various boundary condi- 
tions. Heat generation in reactor fuel 
elements allows for greater variety in 
problems in the course of teaching. 
Incidentally, Glasstone demonstrates 
the calculation of the energy release 
from the fission rate, which may be of 
interest in tying in a heat transfer 

10§. Glasstone, Principles of Nuclear Re- 


actor Engineering, D. Van Nostrand Com- 
pany, New York, 1955; pp.- 654-668. 
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course with a course in reactor design 
or perhaps atomic physics. 

Heat transfer between a surface 
and a fluid in which internal heat 
generation occurs, such as would be 
the case in a slurry-type reactor of, 
say, uranyl sulfate, transcends the 
scope of the present undergraduate 
treatment of heat transfer. 


Numerical Analysis in Heat Transfer 


Another area in which considerable 
progress has been made since World 
War II deals with the application of 
numerical methods to the solution of 
heat transfer problems. With each 
passing day industry is becoming 
more and more computer conscious in 
all phases of company operation, and 
somewhere along the line the student 
should be familiarized with the power 
and engineering value of numerical 
analysis. Although the more complex 
problems are usually handled by ma- 
chines, the value of “hand-type” nu- 
merical solutions for certain non-rou- 
tine problems whose specifications 
place them outside of the class for 
which closed form solutions are avail- 
able, should not be overlooked. Of- 
ten, when rough engineering answers 
are sought—answers say whose de- 
sired accuracy is comparable to that 
with which the physical constants are 
known—the numerical method, in- 
volving either relaxation or iteration 
in space or time, proves invaluable. 

In the area of heat transfer, sub- 
sequent to the predecessor work deal- 
ing with the graphical solution of the 
parabolic equation for heat flow by 
Binder and Schmidt (which we rec- 
ognize as a special case of the more 
general equation), the numerical 
method has received considerable at- 
tention and many ramifications of it 
are widespread. Since the appear- 
ance of Emmon’s signal paper in 1943, 
a great number of typical steady, 
unsteady, and quasi-stationary state 
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problems have been solved, including 
those involving internal heat sources 
or sinks and with time-dependent 
boundary values, surface conduc- 
tances, or environment temperature 
for the unsteady state. Any compat- 
ible combinations of the above fea- 
tures may be allowed to occur, with 
the added feature of arbitrary initial 
temperature distribution within the 
solid (if the problem is an unsteady 
state one). Dusinberre’s text" on 
numerical analysis (unfortunately now 
out of print) contains a large assort- 
ment of problems for both steady and 
unsteady state, as well as a problem 
on the quasi-stationary state (from 
Rosenthal’s analytical work on mov- 
ing heat sources ), and it demonstrates 
conclusively the flexibility and utility 
of the numerical method. Jakob and 
Hawkins have in their text treated 
the elements of the numerical method 
rather thoroughly. The numerical 
method of relaxation has also been 
extended to problems of body convec- 
tion using both the relaxation method 
and also iteration. 

Whether one views the numerical 
solution as one in which the govern- 
ing differential equation, derived for 
a continuum, has its terms replaced 
by approximating partial or total dif- 
ference quotients, as the case may be, 
or whether, as Dusinberre seems to 
prefer, the body is constituted of dis- 
crete parts with each of which is as- 
sociated a given temperature, is of no 
difference as regards results. In the 
difference-quotient scheme, the quo- 
tients themselves find their equivalents 
in terms of the values of the function 
at a (nodal) point and in terms of 
the values of the neighboring points. 
In both considerations we need only 
apply the first principle of thermo- 
dynamics and the rate equation for 


11G, M. Dusinberre, Numerical Analysis 
of Heat Flow, McGraw-Hill, New York, 
1949. 
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heat transfer. In the one case we 
sort of backtrack from the limiting 
process which in itself defines the 
derivative; in the other we never pass 
to the limit. It is a matter of point 


of view, except for the important fact 


that in the process involving back. 
tracking we have committed what 
amounts to a truncation error whose 
order of magnitude is known. 

I would like to mention one rela- 
tively new innovation of the numerical 
method of relaxation which may not 
be too well known as yet. Relaxation, 
which is a numerical method for soly- 
ing a system of linear algebraic si- 
multaneous equations, has been ap- 


plicable to boundary-value problems } 
governed by the LaPlace or Poisson | 


equation. In April of 1955 the late 
Dr. G. Liebmann of England pub- 
lished a paper ?* in which he showed 
that by choosing a suitable finite-dif- 


ference approximation, the parabolic | 


partial differential equation governing 
unsteady-state heat flow can be con 


verted into a series of boundary-value | ; 


problems of the Poisson type, each 


with specified boundary conditions, | 
which can be solved using Southwell | 
relaxation technique. I will only take | 
the time here to mention that he takes | 
a “backward” step in time instead of | 


a forward one, and thereby obtains 


an equation in four unknowns and/ 


one known at the end of the time ir- 


terval. The solution is very stable for! 
all values of Ax?/aAr, the key param- | 


eter in the problem. 


The new equation and its treatment 7 
is no more difficult than the one pres ti 
ently employed in the undergraduate? 
teaching of numerical methods, and) 
it allows the choice of relatively long} 
time intervals without the danger d/ 


finding an oscillating or diverging 
solution. 


12 “The Solution of Transient Heat Flow 


and Heat Transfer Problems by Relaxation, 









British Jour. of Physics, VI (April 1955). © 
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It may be worth mentioning along 
with these remarks on numerical 
methods that Scarborough, in the lat- 
est edition (3rd) of his treatment of 
numerical analysis,* gives a very 
readable account of the comparison 
of the numerical methods of relaxa- 
tion and iteration, citing advantages 
of one method over the other. 


Use of the Electrical Analogy 


Analogic methods, and in particu- 
lar electrical analogs, have been used 
for a long time in the solution of heat 
transfer problems. They date back 
at least as far as the early work of 
Langmuir on the study of heat flow 
through edges and corners, published 
in 1913. The electrolytic-tank method 
used by Langmuir in his early work, 
and subsequently in some industrial 
laboratories, has yielded to the elec- 
trical-resistance network and to elec- 
trically conducting sheets for two-di- 
mensional studies. Presently one has 
at his disposal the electrically-conduct- 
ing Teledeltos paper which is com- 
mercially available from Western 
Electric Company, and which can be 


_ used very effectively in the classroom 
only take | 
it he takes | 


demonstration of the electrical analog 
for a simple-two dimensional resist- 


ance circuit. One can also include 
surface conductances using this 
method. 


If one adds the time variable, then 
electrical capacitance, analogous to 
the thermal capacity, must be prop- 
erly introduced and the equivalent 


| electrical circuit operates with con- 
: one pres 
ergraduate F 
hods, and) 
tively long) 


tinuous physical variables, and we 
have a thermal analyzer. In such 
a device the ideally distributed re- 
sistance-capacitance circuit is replaced 
with “lumped” resistance and capac- 
tance which finds its equivalent, math- 


| ematically, in terms of a finite-differ- 
+ Heat Flow 


13]. B. Scarborough, Numerical Mathe- 
matical Analysis, 3rd Ed., Johns Hopkins 
| Press, 1955. . 
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ence approximation to the governing 
differential equation. 

These underlying ideas concerning 
electrical analogs have been extended 
to the solution of many complex heat- 
transfer problems. It suffices to say 
that the literature abounds with varia- 
tions of such analog treatments and 
attests to their importance in the heat 
transfer field. 

Here, again, at least some simple 
treatment of the subject at an under- 
graduate level, just to get across the 
underlying ideas, appears warranted. 

At the same time it must be recog- 
nized that analog and digital com- 
puting devices, which are becoming 
more and more involved in engineer- 
ing work in industry, far transcend 
the heat-transfer field. And so one 
cannot hope to include, as a general 
thing, the treatment of computers in 
an undergraduate course on heat 
transfer. Extrapolating the present 
trend of computer applications in in- 
dustry, engineering educators may 
soon be faced with the prospect of in- 
troducing a course into the already 
crowded curriculum, dealing with the 
principles and applications of com- 
puting devices to engineering prob- 
lems. But that is another matter in- 
deed, and it involves methodology, 
not basic principles. 

Summarizing: 


1. The increased emphasis on ade- 
quate mathematical training of the 
undergraduate engineering student to- 
day, manifest by the increase in the 
level of mathematical training in- 
cluded in the various engineering cur- 
ricula, allows for a more penetrating 
and meaningful treatment of the sub- 
ject of heat transfer, as well as for 
other subjects. The opportunity to 
utilize this in undergraduate teaching 
should not be missed. 

2. The boundary-layer concept is 
basic to the clear understanding of 
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convective heat transfer, and its con- 
sequences are of such immense prac- 
tical importance that introductory 
treatment of it should begin at the 
undergraduate level. 

3. The advent of nuclear power 
and the unique requirements of reac- 
tor design have introduced liquid 
metals and liquid-metal alloys as 
heat-transfer media. Some treatment 
of these low Prandtl number fluids 
and their thermal characteristics ap- 
pears desirable. Also, additional in- 
teresting and useful problems, at the 
undergraduate level, arise from the 
heat generation in the reactor fuel 
elements. 

4. Numerical methods provide a 
powerful tool for the solution of heat- 
transfer problems, and a basic treat- 
ment of this subject is invaluable to 
the student in obtaining solutions of 
engineering accuracy to problems he 
otherwise might not be able to solve. 
The relaxation method allows for 
“hand-type” solution, whereas itera- 
tion leads to the use of a digital com- 
puter. 

5. The electric analog is valuable 
in the solution of heat-transfer prob- 
lems and, therefore, the analogy be- 
tween the flow of electricity and the 
flow of heat should be introduced at 
an early stage in the treatment of heat 
conduction; in fact, it sometimes hap- 
pens that the student grasps the fun- 
damental law of heat conduction— 
Fourier’s law—only after the simple 
analogy is drawn with Ohm’s law. 
Also, introduction to the resistance- 
capacitance type of analog network 
would provide a basic understanding 
of thermal analyzers, which are of 
current practical interest in more ad- 
vanced phases of the analog treat- 
ment. 

The above survey of items of cur- 
rent importance in the undergraduate 
field is obviously not intended to be 
a comprehensive or exhaustive cov- 
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erage of the present-day needs in 
teaching heat transfer. It simply con. 
stitutes a presentation of some ideas 
on a few selected topical areas within 
the framework of the heat-transfer 


tent by a mechanical engineer’s point 
of view. All of the topical areas 
touched on, however, relate to things 
of current practical importance to the 
engineer who must deal with heat 
transfer problems, and so, it would 
appear, an adequate introduction to 
the principles and underlying ideas 
they involve should be considered 
while he is in college. 

That the topics dealt with here have 
taken on increased importance is sup- 
ported by the fact that even as re 
cently as ten years ago most of them 
were not even mentioned in under 
graduate heat-transfer courses, where 
as within the past few years they have 
been coming more into evidence, to} 
one degree or another in undergrad. 
uate texts. 

Of course it is not easy to come uf 
with an accurate picture of the sub 
ject matter being taught in under} 
graduate courses in our college} 
today. Curricula are designed some 
what differently; also teachers invari- 
ably are selective about the topics to 





be covered in the text, so the text, if 
one is used, is only a rough indication 
of the course content. Moreover) 
many teachers augment the text treat-F 
ment with additional notes and prob? 
lems they feel are important. 

In the heat-transfer field, however) 
there is a group actively engaged it 
the survey of what is being taught # 
the undergraduate level, the Commit) 
tee on the Teaching of Heat Transfe 
organized under the Heat Transfey 
Division of the ASME. This commit 
tee, has been engaged for over a yed 
in the collection of detailed inform: 
tion such as course offering(s), majaly 
department of students being taught 
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texts used and sections covered, type 
and content of auxiliary materials be- 
ing used, additional topics covered, 
etc. Anticipating that someone here 
might ask the question, “What would 
one do with the results if and when 
they are collected?”, I would be 
tempted to reply: “Force the colleges 
and universities throughout the coun- 
try to produce accurate course de- 
scriptions in their catalogs, at least for 
heat transfer.” 

Finally, these thoughts, which I 
may term a plea (without passion) 
for the student and the curriculum. 
There are those of us who have 
chosen the science of heat transfer as 
a major area of interest in our pro- 
fessional lives and, therefore, in addi- 
tion to teaching the subject to under- 
graduates, we carry on graduate re- 
search and other related activities. It 
is natural that one may generate quite 
an enthusiasm about his favorite sub- 
ject, and it is understandable that he 
attempts to transfer this enthusiasm to 


o come up} the student, at least to the better stu- 


dents. As in other fields, professors 
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are constantly looking for promising 
disciples for advanced undergraduate 
projects and for the graduate school. 
In the midst of this enthusiasm and 
search one should be mindful of the 
fact that his own subject material 
constitutes only part of a rather broad 
spectrum of subjects which lead to the 
Bachelor’s degree. The Bachelor’s de- 
gree is still very much a terminal pro- 
gram in our scheme of higher education 
in engineering, and it appears likely 
that it will remain so, at least for the 
near future. We, ourselves, are part of 
the broad pattern of the educational 
process, and so it appears that our ob- 
jectives should center around the stu- 
dent’s mastery of the basic principles 
underlying the heat-transfer field and 
not around the production of a few 
expert students at the expense of the 
other students. The training of spe- 
cialists is indeed another matter. Re- 
gardless of his professional bent after 
graduation, the student will be con- 
fronted soon enough with the fact 
that ours is a non-isothermal world. 


AERO DIVISION—IAS JOINT MEETING 


The sixth annual joint meeting of the Aeronautical Division and 
the Institute of Aeronautical Sciences will take place Thursday 
morning 29 January 1959 in the Hotel Sheraton Astor, New York 
City. A panel discussion on “Space Technology and Engineering 
Education” will be moderated by Division Chairman, Colonel G. 
C. Clementson, with such eminent people as John P. Hagen, Director 
Project Vanguard and Fred Singer, University of Maryland taking 
part. The program is being arranged by A. Wiley Sherwood, Uni- 
versity of Maryland and A. L. Cronk, Texas A & M. 





Few people dispute the importance 
of the electronic computing machine 
in modern business and industry. 
The position of university courses in 
the use of such equipment is, how- 
ever, very much more debatable. 
This was brought out at the 1957 
Annual Meeting of the Association for 
Computing Machinery when, in a dis- 
cussion on the universities’ role, di- 
rectors of the university computing 
centers could not agree even among 
themselves as to what the role should 
be. 

Some considered that programming 
and coding courses had places in uni- 
versity curricula, while others were 
actively opposed to such innovations. 
The main cause for alarm seemed to 
be that such courses could teach 
purely techniques, and thus would 
have little or no real educational 
value. One may note in passing that 
the definition of “real educational 
value” is by no means clear. A dis- 
cussion of this question is, however, 
outside the scope of an article such 
as this. 

The first purpose of this article is to 
attempt to allay this alarm by pre- 
senting what, in my opinion, is re- 
quired in a programming and coding 
course if it is to be of true educational 
value and worthy of a place in our 
university curriculum. Secondly, a 
proposal as to the integration of such 
a course into the regular curriculum 
is made. 

In our modern large universities 
with their great number and variety 
of offerings, it is comparatively easy 
to find some presently offered tech- 
niques course with which to compare 
our programming course, and to jus- 
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BRUCE GILCHRIST 


Director, Computing 
Syracuse University, Syracuse 10, , = Tork 


tify our programming course as less 7 


technique oriented. While this argu. 
ment has its uses, it is better surely to 


compare our courses with the best} 


ones given rather than the worst. 


In his recent book Digital Com: | 


puter Programming, McCracken sug- 


gests that programming a problem | 
for solution on a digital computer is | 


basically a process of translating from 
the language convenient for human 


beings to the language convenient for | 
Certainly if we discuss | 


the computer. 
ways of handling this general prob- 


lem in our programming courses, we | 
can not be accused of teaching only | 


technique. As in the study of lan 
guages, however, the _ interrelation- 
ships between one language and an- 


other cannot be understood without | 
a good working knowledge of one or | 


more languages. 

So in the case of programming, lit 
tle concrete understanding of the 
problems involved can be obtained 
without knowing how at least one 
computer works and how the prob- 
lems of communicating with it are 
handled. This, of course, requires the 
teaching of some technique. I am not 
prepared to agree, however, that this 
is a bad thing, as long as it does not 
become the sole aim of the course. 
Handled correctly, the technique 
should provide the foundation and 
the laboratory tool upon which and 
with the aid of which a general un- 
derstanding of the problems encoun- 
tered in communicating with a mod- 
ern high speed digital computer can 
be taught. 

Now that a good many universities 
have obtained computing machines 
for research and instructional use, the 
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course problem is an immediate one, 
aggravated by the sparseness of text- 
books and teaching tradition. Since 
it is easy in such a situation to teach 
technique because it is the simple 


way out, we must be on our guard. 


Probably the most common machine 
in the universities is the IBM 650, 
and, in my opinion, this is a very suit- 


able machine for educational pur- 


poses. Nevertheless, if we teach a 
course on “Programming and Coding 
for the IBM 650,” as one book pub- 
lisher suggests, we will be failing in 


. | our aim of providing a course of real 
omputer is | 


educational value. 
This is not to deny that there are 
many people on our campuses who 


| just want to learn the techniques so 
that they can solve their individual 


problems. These faculty members 


- and research students should indeed 


be taught the technique, but let us 
not call such “cook book” instruction 


a formal course in programming and 
| coding. 


Two Courses 


At Syracuse University we have in- 
troduced two programming courses. 
The first, entitled “Programming and 
Coding for Digital Computers,” is a 
one-semester, three-credit course. Us- 
ing the IBM 650 as our foundation 
and laboratory tool, we introduce the 
student first to flow charting and then 
to the various methods of coding, at- 
tempting as we go to bring out the 
general characteristics of the meth- 
ods as well as the details involved in 
performing examples on our IBM 650. 

As an integral part of the course, 
the student has to program and code 
at least one reasonable-sized problem 
for the 650. We prefer to have stu- 
dents choose problems of interest to 
themselves so that they will learn 


something of the potential of high- 
_ speed computers in their chosen fields. 


While we are by no means completely 
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satisfied that we are as yet teaching 
enough about the general or non-tech- 
nique aspects of programming and 
coding, we do feel that eventually we 
will build up a course which has true 
educational value. 

The second programming course, 
entitled “Seminar on Digital Com- 
puters,” is devoted to student reading 
and discussion of topics such as auto- 
matic programming and the relation- 
ships between the overall system de- 
sign and the type of problems to be 
solved. The student is assumed to 
have a good working knowledge of 
the operation of one computer (usu- 
ally the IBM 650). Therefore, the 
course deals with the problems of 
computer use in general, with exam- 
ples taken from a great number of 
computers. 


Technique 


Now, what do we provide these 
people who just want to learn tech- 
nique? This varies according to the 
number of people interested at a 
given time and the maturity of the 
people involved. Some find that they 
can pick up enough just from reading 
a coding manual (in our case, this is 
frequently the one describing the Bell 
Interpretive System). For others we 
arrange short technique classes. Fi- 
nally, there are some who take the 
first programming and coding course 
mentioned above. The fact that peo- 
ple primarily interested in technique 
do take the regular credit course need 
not detract from the educational value 
of the course provided that they are 
not allowed to set its pace and direc- 
tion. 

The stage in a student’s college 
career at which programming courses 
should be taken will undoubtedly 
play a part in setting the standard of 
the courses. We prefer that the stu- 
dents in our first programming course 
have a good working knowledge of 





their own field so that they can rap- 
idly appreciate the possible applica- 
tions for computers in that field and 
be able to complete a satisfactory 
term problem. Thus in the case of 
mathematics, science, and engineer- 
ing students, we like them to have 
had at least one semester of an in- 
troductory numerical analysis course. 
Similarly we like business students to 
have taken the core business courses 
and preferably also a course on 
punched-card equipment. 

Because numerical analysis is sel- 
dom taught earlier than the senior 
year, the above requirements would 
appear to exclude a mathematics ma- 
jor from taking even the first program- 
ming course until the second semester 
of his or her senior year. This need 
not, indeed should not, be the case 
with students for whom the bachelor’s 
degree will be the terminal, or who, 





In addition, the student should be 
required to elect nine more credit 
hours of mathematics, mathematical 
physics, or another approved subject 
during the senior year. This brings 
the mathematics requirement for the 
junior and senior years to 36 hours, 
and for the freshman and sophomore 
years to 17 hours, thus leaving 67 
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even though they are considering tak- 
ing some graduate work, are primarily 
interested in industrial mathematics, 
For these people I would like to pro- 
pose the introduction of a mathemat-. 


ics and computing major. 


Mathematics-Computing Major 


This new major would be primarily 
mathematics with sufficient emphasis 
on computing to help the student be- 
come an expert programmer and 
coder efficiently if he enters the com- 
puting field immediately after grad- 
uation. On the other hand, the 
courses would not be so practical as 
to hinder the student who during his 
senior year or even after graduation 
decides to take graduate work in 
mathematics. The proposed sequence 
of mathematics courses with number 
of credit hours involved is as follows: 


Freshman year: lst semester Analytic Geometry (3) 
2nd semester Differential Calculus (4) 
Sophomore year: Ist semester Integral Calculus (4) 
2nd semester Advanced Calculus I (3) 
Elementary Linear Algebra & Matrix The- 
ory (3) 
Junior year: Ist semester | Advanced Calculus II (3) 
Numerical Analysis I (3) 
Statistics I (3) 
2nd semester Partial Differential Equations (3) 
Numerical Analysis II (3) 
Programming & Coding for Digital Com- 
puters (3) 
Senior year: lst semester | Complex Variable (3) 
Statistics II (3) 
2nd semester Seminar on Digital Computers (3) 








hours for other liberal arts subjects. 
For students with adequate high 
school mathematics, the course in 
analytic geometry will not have to 
precede the initial calculus course. 
The following courses can then be 
arranged accordingly, leaving another 
3 hrs. free for an elective. 

The programming courses in the 
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above sequence have been timed to 
come when the student will have been 
introduced to the practical applica- 
tions of computers, e.g., in numerical 
analysis and statistics. It will further 
be seen that even if the student de- 
cides at the end of his senior year to 
proceed with graduate work in pure 
mathematics, he will still have an 
adequate background. 


Why in Mathematics? 


Throughout the above discussion it 
has been assumed that the Mathemat- 
ics Department should be responsible 
for teaching programming courses. 
There are two alternatives to this. 
First the course could be given by 
one or more departments as the need 
arises for students of those depart- 
ments to know something of com- 
puters. Secondly, an entirely new 
computing department could be set 
up. In examining the merits of the 
first alternative, we should bear in 
mind the example of statistics. With 
few exceptions, when the teaching of 
statistics has been spread among many 
departments, it has not only resulted 
in the weakening of the rigorous 
courses given by the Mathematics De- 
partment, but has led to a multitude 
of “cook book” statistics courses being 
given by self-taught statisticians. 

The second alternative brings to 
mind the comparison which has been 
made between a university comput- 
ing center and the university library. 
The Computing Department might 
then be regarded as analogous to the 
Library Science Department. De- 
spite the size and importance of the 
typical university library, there are 
few universities where the Library 
Science Department has much pres- 
tige. I suspect that an even worse 
fate would await any Computing De- 
partment, with a rapid fall in stand- 
ards following soon thereafter. 

On the positive side, the Mathemat- 
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ics Department can offer not only 
prestige to the courses, but can and 
indeed should provide a continuous 
stream of interested undergraduates. 
Faculty members and research stu- 
dents who are interested in advancing 
the boundaries of the computing field 
can also be expected to come from 
the Mathematics Department. While 
computers are not solely mathemat- 
ical, there is so much about them, 
both in respect to design as well as 
to use, which is essentially mathemat- 
ical, that it would seem difficult to 
find a more appropriate department 
to offer the fundamental program- 
ming and coding courses. 

In the event of an openly hostile 
mathematics faculty, the above argu- 
ment may not be valid. In this case, 
if persuasion and demonstration will 
not convince the mathematicians that 
the computer is important to mathe- 
matics, then there is little left but to 
look for a more friendly home. How- 
ever, I still think that such a sponsor 
should be another recognized depart- 
ment rather than a specially created 
one. 


Graduate Level 


The programming and coding 
courses would seem to have minor 
places in a graduate program. Here 
the concentration should be on nu- 
merical analysis and applied mathe- 
matics with appropriate pure mathe- 
matics support. The programming 
and coding courses, if they have not 
been taken as undergraduate courses, 
should be taken as soon as possible so 
that, in the subsequent graduate stud- 
ies of numerical analysis and applied 
mathematics, the computer can play 
its rightful role as a major mathe- 
matical tool. 

Outside of fundamental program- 
ming and coding instruction, courses 
involving computers can well be 
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given in other departments. It seems, 
for instance, quite appropriate that 
courses on the design and construc- 
tion of computers be given by the 
Electrical Engineering Department, 
and courses on business data process- 
ing by the Business School. To en- 
sure that this is indeed the case and 
that a course on business data proc- 
essing does not in reality become a 
programming and coding course for 
business students, it would seem de- 
sirable to have some faculty committee 
exercising overall supervision of all 
courses concerned with computing. 
It is difficult, however, to see why 
more than one well-organized pro- 
gramming and coding course is neces- 
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sary, especially if, when numbers re- 
quire it, sections are set up according 
to the students’ major fields of interest. 

The second part of this note has 
been concerned mainly with the in- 
tegration of computing courses into 
the mathematics curriculum. It is 
just as important to have similar in- 
tegration in the business sequences 
and as options in the engineering 
and physical sciences. This may in- 
volve modification of existing courses 
or possibly the complete abandon- 
ment of a few courses. Such changes 
must be made if we are to keep our 
curricula in step with new develop- 
ments such as the high speed com- 
puter. 


AT THE ARGONNE NATIONAL LABORATORY 





The Argonne National Laboratory has announced a program of 
summer employment in 1959 for undergraduates, graduate students, 
and faculty. Undergraduate students will be selected on the basis 
of years of college work completed, grades, references, and experi- 
ence. Applications must be filed no later than February 15, 1959. 
Forms and application material are available from the Employment 
Office, Argonne National Laboratory, P. O. Box 229-SA, Lemont, 
Illinois. 

Appointments of graduate students may be made for summer 
employment or occasionally longer. In addition, appointments will 
be made for thesis work when the graduate student has completed 
all course work and passed all qualifying examinations at his uni- 
versity or college. 

Research appointments of faculty members will ordinarily be 
made for summer employment or for a period of approximately one 
year. Applications for summer employment as graduate student or 
faculty member should be submitted by January 15, 1959. Applica- 
tions for other appointments can be filed at any time. Further 
information and application forms are obtainable from the Profes- 
sional Personnel Office, Argonne National Laboratory, P. O. Box 
299, Lemont, Illinois. 





i 


. 49—No. 4 


bers re- 
cording 
interest. 
ote has 
the in- 
ses into 

It is 
vilar in- 
quences 
neering 
may in- 
courses 
bandon- 
changes 
eep our 
levelop- 
d com- 


of 
is, 
sis 
ri- 


er 
2S- 
Ox 





| ACCUSE.... 


The absence of any desire to con- 
tinue learning after the baccalaureate, 
as evidenced by most engineers, seems 
to be connected with two develop- 
ments in engineering teaching of re- 
cent years. Both are correctable, but 
either is guaranteed to stifle any wish 
in the student to have further contact 
with education or research. 


Specialization 


The first problem is that of increas- 
ing specialization, with consequent 
reduction in the number of hours 
spent on a particular course, and con- 
stant splitting of the curriculum into 
smaller and smaller splinter groups. 
Under these circumstances there is a 
continual trend for faculty members 
to teach courses in which they are 
tolerably proficient, and to tend to be- 
come the “local expert” in the depart- 
ment concerned. 

This can lead to a very dangerous 
condition with many teachers, since 
once acknowledged as an authority 
they tend to become dogmatic in their 
presentation, intolerant of the ideas of 
others in their self-chosen specialty 
and at times very afraid to admit a 
lack of knowledge on any particular 
point connected with their work. This 
must not be interpreted as a criticism of 
areal authority in any field, but merely 
of the pseudo-authority which is be- 
ing spawned continually by our pres- 
ent specialized system. 

The true authority is invariably 
humbled completely by the lack of 
knowledge in his major subject, and in 
particular aghast by his personal ignor- 
ance. For this reason he is essentially 
a stimulating teacher, since he is al- 
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ways prepared to share what knowl- 
edge he has with his students and to 
admit his limitations and the lack of 
information that exists in the scientific 
literature. 

The pseudo-authority, on the other 
hand, is the most effective strangler 
of any student desire to continue 
learning that it is possible to devise. 
By assuming an air either of intolerant 
belligerency or, worse, of kindly toler- 
ance, he leaves the student completely 
without hope. Everything is known 
in that particular field that it is pos- 
sible to know. Professor —— knows it 
all anyway. It has taken him thirty 
years to learn it all, and finally look at 
the old boy now, having found it all 
out, what has he to live for? In one 
respect at least the student is correct: 
the old boy has nothing left to live for, 
since, having set himself up as an ex- 
pert with a relatively small amount of 
knowledge, he now does not dare to 
read or work further in the field lest 
he get out of his depth. 

This is particularly true of those 
teachers who were average students 
of mathematics as undergraduates, 
who never made any attempt to im- 
prove, and now find that, lacking 
knowledge of advanced mathematics, 
they are completely unable to read 
the modern technical literature in the 
field for which they are supposed to 
be the departmental experts. These 
people frequently bemoan their lack 
of time for reading and research, their 
heavy teaching loads and many other 
things, while actually they are merely 
hiding behind their teaching as a 
shield to protect them from doing any- 
thing useful in the way of reading, 
writing, or experimentation. 
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Textbook Writers 


The second reason why students in 
general do not feel either that they 
wish to continue learning after grad- 
uation or, more important, that they 
need to do so, is the superfluity of pro- 
fessional textbook writers whose prod- 
ucts are being used by the publishers 
to flood the market with questionable 
texts. The present plague is quantity 
without quality. 

As in other fields of endeavor in 
the advertising world one is assailed 
with texts that are “absolutely and 
completely unique,” “newer than new.” 
Presumably one would be offered a 
text which covered the latest scientific 
discoveries of the 21st century if any 
of the advertising executives had man- 
aged to think of it first. This has led 
to the evolution of the sub-species 
“professional author,” the typical jack 
of all trades, master of none. 

According to one of the major pub- 
lishing houses, the most widely used 
text in one particular field of engi- 
neering has been written by one of 
these professionals, who has also pub- 
lished a text, in more than one edition, 
in a totally unrelated field. If either 
text was stimulating there would be 
some excuse for this, but one must 
consider some of the reasons why one 
of the texts is used. 

First, it is extremely popular with 
the students, for the simple reason 
that for every problem that the author 
has set there exists a formula in the 
appropriate chapter, into which figures 
may be substituted and an answer ob- 
tained with the use of no mental proc- 
ess beyond that of a grade-school 
child. 

Second, it is extremely popular with 
a certain type of instructor, because 
all controversial points are ignored, 
omitted or glossed over with a few 
white lies guaranteed to make certain 
that no student will realize that they 
are interesting or important, thus in- 
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suring that no awkward points can be 
raised in class which might tax the 
abilities of the pseudo-expert. 

With the aid of such a text, it is 
possible for both students and instruc. 
tors to spend a certain number of 
hours per week in a state of complete 
coma without making the outcome of 
the course one whit different. At the 
end the student has a reasonably large 
amount of knowledge of the practice 
of his forebears, a reasonable dexter- 
ity in the handling of grade-school 
mathematics, and a profound convic- 
tion that he knows most of what there 
is to know about that subject. In ad- 
dition, he has a certainty that there is 
nothing more worth learning in that 
particular branch of applied science 
and even the suspicion that there was 
nothing worth learning in the first 
place. Here one has the typical pop- 
ular text, despised and abominated by 
scientists, industrialists, and research- 
ers. 

Here are royalty payments, large 
profits, no thought, and the chance for 
the representative of a publishing 
house to inform a doubter of the sys- 
tem that he is a lone voice, and that 
it is impossible for the majority of 
other university teachers in his field 
to be wrong. Unluckily the doubter 
may neglect to ask whether that ma- 
jority is made up of researchers and 
stimulating teachers, or of pseudo-ex- 
perts, who have taught the same 
course for thirty years without one 
iota of thought during one moment of 
that incredibly long and important 
time. 

“During that time” the pseudo-ex- 
pert will have accumulated seniority, 
respect and honor, together with thirty 
repetitions of one year’s experience. 
He will also deserve the spoken or 
unspoken curses of the alumni for a 
betrayal which, like a delayed action 
bomb, did not take effect until the 
first important project undertaken in 
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industry proved that there was neither 
a useful formula available in the text 
or handbook nor any useful theory 
available in the head of the engineer 
concerned. 


Faculties Could Correct 


The two indictments discussed 
above, which stifle any wish for ad- 
vanced learning, may be laid directly 
at the feet of engineering faculties, 
who could correct both by applying 
a reasonable amount of effort. It is 
necessary first, however, to decide 
whether the problem warrants any 
correction. 

America is strong and has made her 
reputation by her manufacturing ca- 
pacity and an innate ability to devise 
short-cuts in production. These are 
combined with a native drive in the 
average worker that tells him that he 
is at least as good as, if not consider- 
ably better than, the man at the next 
bench. 

In Europe the “boss” is a creature 
apart, divinely ordained, on a pinnacle 
which is unattainable by the average 
workman, and therefore to be fought 
through the trades union. Here there 
are no such unattainable pinnacles. 
There exists a relatively direct route 
from bottom to top in most industries, 
and the man who is complaining to 
his union representative one day may 
shortly be trying to cope with a union 
dispute from the point of view of 
management. 

This situation has led to a produc- 
tivity which outstrips the remainder 
of the globe, and has led to the de- 
struction of three major dictatorships 
in modern times. It has turned this 
nation into both the richest country 
and the greatest supplier of goods in 
history. Productivity has led to an 
emphasis on methods of production 
and quality of production in American 
industry, but has yielded relatively lit- 
tle original development. 
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Until the advent of World War II, 
this country was content to produce a 
few men of the calibre of Edison and 
Bell, but to rely on Europe for new 
ideas. This system worked well up to 
that time; Europe invented, and the 
U.S.A. produced. Now, however, with 
half of Europe behind the Iron Cur- 
tain, it is no longer safe to afford the 
luxury of importing magnetron tubes 
and jet engines in their prototype form 
from England. 

America can no longer allow Ger- 
many to produce the first effective 
long-range rocket, nor rely on top-flight 
European scientists fleeing Europe for 
political reasons and settling in the 
U.S.A. America must have more new 
ideas developed by people trained in 
this country, in addition to being the 
major production center of the world. 

This dual role is not a new concept. 
Before World War I Britain and Ger- 
many were the co-leaders in develop- 
ment and production in the world. 
This country must now assume such 
leadership. Therefore the cultivation 
in our students of the desire to con- 
tinue learning after the bachelor’s de- 
gree is vital to our national welfare. 


Aspects of Improvement 


Three major facets of engineering 
teaching must combine to achieve the 
desired result: course content, lecture 
presentation, and the attitude of the 
instructors toward their subjects. The 
question of what is taught is gradually 
being settled. The major upheaval of 
the past two years appears to be pro- 
ducing curricula in the various univer- 
sities which lean more towards the 
basic and engineering sciences and less 
towards the practice of engineering. 

In the four years that a student 
spends as an undergraduate there is 
sufficient time only to acquaint him 
thoroughly with the basic principles 
of the applied science which he is pro- 
posing to pursue for the remainder of 
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his life. The importance of the sci- 
ences is illustrated by the triumphs 
and, almost as important, the errors of 
his forefathers. Once well equipped 
with such basic elements, he will enter 
industry with an inquiring mind, ca- 
pable of designing from first prin- 
ciples, and with a great potential as 
a producer of new ideas. 

The problem of how the basic prin- 
ciples are to be taught is probably the 
most controversial of all. There are 
many texts available in all subjects, 
and the question of choice is vitally 
important. The first pitfall to avoid is 
the writer of many books on different 
subjects. What is needed is more ex- 
perts writing text books, and fewer 
text-book-writing experts. 

This particular trap also contains 
most of the texts with titles on the 
covers which are completely different 
from the subject matter inside. Such 
a book is the salvation of many poor 
instructors who can point to a high- 
sounding title on the cover of the text 
they use while they are still able to 
give an extremely low-grade course. 

If the course material is taken from 
several textbooks, written by men who 
are active workers in that particular 
field, then the elements of a good and 
inspiring course are present, but not 
the full body. An inspiring course 
can be set up only by the use of more 
effort from the instructor than that 
needed by the students writing the 
examinations. It is vital that the in- 
structor should at all times keep up 
with the technical literature in his 
subject. He must still be engrossed 
with the desire to learn. He must be 
completely familiar with at least three 
of the leading texts, in order to be able 
to present the finer points of the more 
complex sections of the course. 

In this way his lectures will present 
many different points of view to the 
class, instead of merely parroting the 
author of the chosen text. Lectures 
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will also point out not only what is 
known, but also what is not known, 
and how close to or far away from 
that knowledge man is at present. 
Finally, it is always advantageous to 
select a text for the course which it is 


not possible to cover completely in the 


time available. At least the student is 
presented with the fact that more 
knowledge is available in the subject 
and that it has not been exhausted 
completely in a three-hour, one-semes- 
ter course. 


The Difficult Question 


The final and most difficult question 
is that of the instructor's attitude. The 
most important quality of an inspiring 
teacher is humility, not knowledge or 
an ability to speak in public. He 
must at all times be willing to admit 
a mistake, often extremely difficult for 
some. Also he must be willing to 
admit a lack of knowledge. 

This is easy if he is well read in his 
subject, since in general his lectures 
will continually point out how close 
the limits of knowledge really are and 
how much is not known by any man. 
Under these circumstances it becomes 
easier to admit lack of knowledge as 
an individual. It is remarkable how 
close even a sophomore class will be 
to the extreme frontiers of knowledge 
in many subjects. 

Recognition of this, even at an early 
stage, can inspire a desire to learn for 
the rest of a student's life. The last, 
and most important, thing that the in- 
structor can instill into a student isa 
profound suspicion of texts, accepted 
theories, and the normal arguments 
against certain courses of action o 
design. If the student leaves his uni- 
versity with the ability to question ac 
cepted theory and practice, and evel 
his own line of reasoning, he will auto- 
matically continue to learn for the re 
mainder of his life and at the same 
time will contribute original thought 
to his chosen profession. 
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PITTSBURGH, 1959 HOST 
FOR ASEE ANNUAL MEETING 


FREDERICK E. LANGE 


Director of Community Relations, University of Pittsburgh 


When the members of ASEE come 
to Pittsburgh for the 67th annual 
meeting in June of 1959, they will see 
a new city with new civic and engi- 
neering accomplishments. 

The host institutions, Carnegie In- 
stitute of Technology and the Univer- 
sity of Pittsburgh, will show what is 
happening in engineering education 
in the heart of a city which boasts of 
arennaissance in building, slum clear- 
ance, smoke abatement, and civic 
pride. 

The work began in 1947 under the 
leadership of the Allegheny Confer- 
ence on Community Development. 
This organization includes the county 
of Allegheny as well as the City of 
Pittsburgh, for most problems—like 
the smog—concerned “Greater Pitts- 
burgh.” 

Pittsburgh smog, a pall over the 
city about ten years ago, was elim- 
inated largely through the efforts of 
the conference. It was the first, basic 
step in the “saving of Pittsburgh.” 


There was already an anti-smog law 
on the books, but timid officials did 
not enforce it. As a result about 11 
o'clock every winter morning the city 
was enveloped in a dark cloud of 
smoke and downtown lights had to 
be turned on just as though it were 
night. 

The conference conducted a per- 
sistent campaign of education in the 
schools and gave vigorous support to 
Mayor David Lawrence when he de- 
cided to enforce the law. 

The result is that today Pittsburgh 
has abated its smog nuisance by 88 
per cent. And when one looks at the 
new downtown from the heights of 
Mount Washington, just across the 
Monongahela River, the softly colored 
tall buildings in their parklike settings 
seem clear and lovely. 

Pittsburgh’s down town is small, 
covering about a sixth of a square 
mile. For years it has been known as 
the “Golden Triangle,” because it is a 
peninsula at the junction of the Al- 





Built by Allegheny County at a cost of $33,000,000, the Greater Pittsburgh Airport is 

acres in size. It was opened to commercial operations in June 1952. 

Located 15 miles west of the Triangle, the Airport will be easily accessible with the 
completion of the new Penn-Lincoln Parkway. 


351 


Jrl. Eng. Ed., V. 49, No. 4, January 1959 








352 


legheny and Monongahela Rivers, 
which form the Ohio. And it was 
called golden because so many Pitts- 
burgh millionaires were made there 
in past years. 

But in recent times—that is before 
the great rebuilding job —the golden 
was dropped. The area had become 
a commercial slum with an elevated 
spur railway running through it, and 
switch engines spewed smoke. The 
point had become a favorite hideout 
for hobos and one old warehouse was 
used by the city to store automobiles 
it had seized for parking or other 
violations. In the quarter century 
preceding the new building program 
no new buildings of importance had 
been erected in the area. A noted 
architect remarked incisively that it 
would be cheaper to abandon Pitts- 
burgh than rebuild it. 

Then came the “great renaissance,” 
to quote still another phrase common 
here. Fifty-nine acres at the point of 
the triangle were bought or seized 
through condemnation. Thirty-six 
acres were set aside as a state park, 
containing the site of old Fort Pitt, 
and of Fort Duquesne, prominent in 
the annals of the French and Indian 
War. 

The remaining 23 acres adjoining 
the park were zoned for office build- 
ings. So far about $300,000,000 have 
been or will be spent on improvements 
on this small patch of land, putting it 
in one of the top brackets of value. 

Three new “Gateway” buildings, 
faced in greenish-gray stainless steel, 
are among the landmarks of the new 
Pittsburgh. The State of Pennsylvania 
has erected a sixteen story blue alu- 
minum office building to house all its 
agencies in this area. And the Bell 


Telephone Company is finishing an- 
other building in the Gateway. 
Farther up in the Golden Triangle, 
between Sixth and Oliver Avenues 
and Smithfield Street and William 
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Penn Place, is another showplace of 
the new Pittsburgh—the bright acre 
of Mellon Square. Three Mellon fam. 
ily foundations enabled the city to ac. 
quire the land by a gift of $4,300,000, 
Then the Pittsburgh Public Parking 


‘Authority issued bonds for $3,500,000 


to build a six-level parking garage un- 
der the park. 

Mellon Square has meant a lot more 
to the Golden Triangle than merely 
giving it a lovely spot of shrubs, foun- 
tains with bronze basins, all set ona 
flooring of burnished gray granite. It 
has brought the renaissance to the 
former site of another commercial 
slum. Sixteen old buildings, dating 
to the turn of the century or earlier, 
were torn down to make way for it. 

Two more of Pittsburgh’s distinc 
tive skyscrapers have arisen on the 
periphery of the square—the 30-story 
Aluminum Company of America office 
building, and the 40-story United 
States Steel-Mellon National Bank 
building. In all, 51 new buildings 
have gone up in the Golden Triangle 
since the great rejuvenation started in 
1946—in contrast to the fact that no 
building of any consequence had been 
erected there in the previous 25 years. 

In such a tight little downtown as 
this, traffic has always been a serious 
problem. And it still is in spite of the 
fact that the Parking Authority has 
set up 4,000 off-street parking spaces 
in the last ten years. It is estimated 
that 300,000 persons enter the Golden 
Triangle every week day; 160,000 of 
them stay to shop or work, and the 
other 120,000 pass through. 

To ease the parade of passers 
through, enabling many to bypass, 
the east-west Penn-Lincoln highway 
is under construction. It will cross 
the point of the Triangle, where the 
two rivers meet, and have roadways 
leading to and from downtown. One 
end connects with the Pennsylvania 
turnpike and the other with the 
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Greater Pittsburgh airport, said to be 
the biggest in the country. The park- 
way will permit motorists to go 
through downtown at 60 miles an 
hour, unimpeded by traffic signals. 
Its average overall cost is estimated at 
about $6,000,000 a mile. 

On the eastern fringes of the upper 
Triangle another pattern of improve- 
ment is emerging. Clearance of 95 
acres of slum dwellings will be accom- 
plished next year. The area will be 
developed as low-rent garden apart- 
ments. In its center will be the new 
Pittsburgh auditorium-sports arena, 
with seats for more than 16,000 and 
parking space for 3,000 cars. 

These examples give some idea of 
what Pittsburgh is doing and how it 
does it. 

As the urge to rebuild the city 
gathers momentum, there is a deter- 
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mination to make Pittsburgh not only 
a city of beauty, but to make it an in- 
tellectual as well as an industrial cen- 
ter. The Allegheny Conference on 
Community Development has been 
the means of securing generous gifts 
from foundations, individuals and cor- 
porations. 

In the last six years donations have 
been given as follows: 


$13,600,000 for a graduate school of 
public health at the University of 
Pittsburgh health center. 

$15,000,000 to endow medical 
teaching in the University’s health 
center. 

$12,000,000 to build a health center 
administration building. 

And $6,000,000 to found a school 
of industrial administration at the 
Carnegie Institute of Technology. 


The “Golden Triangle” as it will appear when the present “Renaissance” 
construction program is completed. 
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Private foundations have given the Conference has bought and given ty 
Allegheny Conference $300,000 to the state several thousand acres of CAI 
build an educational television station. forest 40 miles north of the city. TH 
The station, WQED, is now in opera- These are some of the sights ASEE 
tion. And to offer Pittsburghers a members will see in 1959 in Pitts. 
chance at primitive open country, the burgh. 
TI 
EXPERIMENTAL PROGRAM minc 
FOR TEACHER-TRAINING INTERNSHIPS - 
The University of Illinois will undertake a program for the train- now 
ing of prospective engineering teachers under a grant from the Ford place 
Foundation. telle 
Five fellows in mechanical and five in electrical engineering will desig 
be named each year for three years. Each fellow will receive $2,000 chro 
per year for two years, and those with children an additional $600 grad 
per year. Tuition will also be paid. desig 
Fellows will enroll as first-year graduate students in engineering ~— 
taking one-half to two-thirds study load. As teaching interns, the mate 
fellows will receive experience in classroom and laboratory instruc- on 
tion under an experienced engineering teacher. The third part of heat 
their program will involve seminars in which all fellows will come - 
together for interchange of ideas on teaching and engineering. Hy 
The aid of the teaching faculty in all engineering colleges is fe 
sought in locating prospective teachers among seniors and recent of d 
graduates. The fellows will not be eligible for teaching positions Aah 
in the University of Illinois for five years after finishing the program. Ay 
The purpose of the program is not to augment the teacher supply sci 
for the host University. With 
The Coordinator of the program is Professor S. Konzo, Mechan- pi 
ical Engineering Building, Urbana, Illinois. Inquiries concerning eee 
the internship should be sent to him. Deadline for applicants is macl 
February 15. ver 
W 
schor 
deve 
Gr 
focus 
parti 
N Ifa 
Li: high 
| ever 
gradi 
hand 
manc 








Vol. 49—No, 4 


1 given to 
| acres of 
city. 

thts ASEE 
) in Pitts. 


rain- 
‘ord 


will 
.,000 
$600 
ring 
the 
truc- 
rt of 
ome 


25 is 
cent 
tions 
ram. 
pply 
han- 
ning 
ts is 








CANDID COMMENTS 
THE FUTURE OF MACHINE DESIGN 





JOSEPH MODREY 


Chairman, Department of 
Mechanical Engineering, Union 
College, Schenectady, New York 


Excerpted with the author’s permission from a newsletter sent to mem- 
bers of the Machine Design and Manufacturing Subdivision of the 
Mechanical Engineering Division of ASEE before the Annual Meeting 
in Berkeley. Professor Modrey was chairman of that subdivision. 


There is considerable doubt in my 
mind that machine design will survive 
the demands of the mechanical engi- 
neering curriculum five years from 
now unless some drastic changes take 
place. In too many schools the in- 
tellectual challenge of the machine 
design sequence is not worthy of its 
chronological position in the under- 
graduate program. Usually machine 
design follows on the heels of such 
courses as dynamics and strength of 
materials and in its later stages runs 
concurrently with fluid dynamics and 
heat transfer. Yet it seldom rises to 
the “engineering science” level of 
these courses. As a matter of fact, 
the stress analysis approach in most 


_ of the popular machine design texts 


is a regression compared to the rigor 
of the strength of materials course 


_ which precedes the design course. 


With the current pressure for more 
engineering science in mechanical en- 


_ gineering curriculums, the days of the 


machine design course as we know it 
now are numbered. 

We might look to the graduate 
schools for appropriate directions of 
development. 

Graduate courses bring into sharp 
focus either the vigor or vapidity of a 
particular segment of the curriculum. 
If a subject is static or unworthy of 
higher level development, it may not 
ever become a serious part of the 
graduate program. If, on the other 


hand, a course clearly meets the de- 
mands of the graduate-curriculum, it 


obviously possesses dynamic charac- 
teristics which can percolate into the 
undergraduate version. In short, to- 
day’s good graduate course is a pre- 
view of the shape of tomorrow’s un- 
dergraduate course. 

Actually deciding just what the me- 
chanical engineering faculty should 
teach in the field of mechanical de- 
sign is a difficult decision. In the 
realm of “soft mechanics” of mechan- 
ical engineering, the choice of subject 
matter is clear cut. Thermodynamics, 
heat transfer, fluid dynamics, combus- 
tion theory, etc. are mechanical engi- 
neering subjects pure and simple 
(some dissent from the chemical engi- 
neering faculty). But when it comes 
to the “hard mechanics” of mechan- 
ical engineering, the situation is some- 
what clouded. Mechanical analysis 
includes subjects such as vibration, 
theory of elasticity, controls, etc., but 
here we often share the responsibility 
with departments of mechanics, phys- 
ics, or electrical engineering. While 
from the students’ point of view it 
does not matter whether the mechan- 
ics or mechanical engineering faculty 
teaches advanced vibration, it does 
make a difference to the health of the 
mechanical engineering curriculum. 
In the “hard mechanics” area only 
advanced kinematics remains exclu- 
sively in the mechanical engineering 
camp, but unless we develop this 
subject more aggressively it, too, will 
slip away from us. 
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Chairman's Message 


PAUL F. CHENEA 


Professor, Electrical Engineering, 


Massachusetts Institute of Technology, Cambridge 


At the last annual meeting of the 
ASEE in Berkeley the Mechanics Di- 
vision membership heard a consid- 
erable amount of criticism of the 
current teaching of engineering me- 
chanics. Some of this criticism, while 
sincere, has not been well thought out 
and hence it suggests certain changes 
which would be most undesirable. 
On the other hand, certain criticisms 
have considerable validity and impor- 
tance and they suggest action which 
should certainly be studied further. 
Still other criticism is vague and seems 
to indicate that mechanics or mechan- 
ics instruction is not modern or up to 
date or something similar. The nor- 
mal reaction of most of us, the teach- 
ers of mechanics, is to become exas- 
perated at all of this recklessness 
directed our way and it causes us to 
make equally irresponsible and mean- 
ingless statements such as, “mechanics 
is mechanics” or “Newton’s laws have 
not changed so why should one expect 
the subject matter of mechanics to 
change or be less true.” It is clear 


that there are arguments on both sides 
but recognizing this self-evident fact 








does not settle the controversy. In 
this short message I should like to 
analyze some of these allegations and 
to examine their validity. 

To put the matter in perspective it 
is helpful to view the subject of engi- 
neering mechanics from the viewpoint 
of J. L. Synge. He indicates that sci- 
entific theory (like all Gaul) can be 
divided into three parts: (a) founda- 
tions, (b) accepted dogma and (c) 
excursions. The foundations are the 
definitions, axioms, postulates, prin- 
ciples or natural laws on which the 
whole is based. The accepted dogma 
consists of the deductions from the 
foundations which are in harmony 
with observation and experiment. The 
excursions wander away from the ac 
cepted dogma to the known bound- 
aries of the realm of applicability of 
the theory and beyond. The scientific 
theory grows and is modified by fruit- 
ful excursions which extend the ac 
cepted dogma and by critical scrutiny 
of the foundations which clarifies and 
modifies the definitions, principles,;etc. 


1 Relativity: The Special Theory, Inter- 
science Publishers, Inc., New York, 1956. 
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At first glance there is a tend- 
ency to say that only the founda- 
tions should be taught on the grounds 
that a student who masters the basic 
fundamentals can certainly master the 
applications as he needs to at a later 
date. This is the position taken by 
many who criticize current mechanics 
instruction. I believe that this par- 
ticular criticism rests upon a false 
premise. It is usually by dissecting 
a certain amount of the accepted 
dogma and the techniques of deduc- 
tion involved that one gains an under- 
standing of the foundations and learns 
how to make fruitful excursions which 
add to the accepted dogma. It is pri- 
marily by careful study of some of 
these excursions that one begins to ap- 
preciate the power and the limitations 
of the theory. Surely, we will all 
agree that understanding, ability to 
solve new problems and appreciation 
of the scope of a theory are important, 
even vital, educational goals. 

It has been argued further that a 
study of the foundations alone will 
accomplish the above just as well or 
even better. Such an argument seems 
on the surface to be self-evident and 
appears to be irrefutable. However, 
as any one who has struggled at the 
foundations of a theory well knows, 
this is no place for the apprentice. In 
fact this is the most subtle part of the 
whole structure. The study of the 
foundations of a scientific theory de- 
mands a keen understanding of the 
theory, its accepted dogma and its ex- 
cursions, which understanding the stu- 
dent can hardly be expected to have. 





357 


Indeed, given this, he, in all probabil- 
ity, needs no further instruction but 
only time to study under his own head 
of steam. 

A far more serious criticism than 
the above is the one that charges that 
the foundations are laid down in a 
haphazard and incomplete fashion 
and that the dogma selected as a 
vehicle for gaining an understanding 
has little current utility. There are 
too many cases in which engineering 
mechanics, as commonly taught, has 
proved to be a poor foundation upon 
which to build a knowledge of fluid 
dynamics, automatic control, electron 
ballistics and even structural dynam- 
ics and there are too many instances 
of courses designed to drill the student 
in the dogma associated with pin 
jointed structures, riveted joints and 
the shrinking of a buggy tire on a 
wheel, to permit us to shrug these 
criticisms off lightly. The fact that 
these allegations refer to diseases that 
afflict all service courses is also of lit- 
tle real comfort. 

It is time that we reconsidered the 
problem of carefully and correctly 
presenting the principles of mechanics 
in a meaningful form and that we 
search out the accepted dogma of the 
age of automation and space technol- 
ogy for use as a vehicle in the under- 
standing of these principles. This is 
a very important task for the teach- 
ers of engineering mechanics and one 
that is long overdue. Not until this 
has been done can we feel that we are 
truly adding our full measure to mod- 
ern engineering education. 


ASEE ANNUAL MEETING 
PITTSBURGH, JUNE 15-19, 1959 








Recommended for publication by the Mechanics Division. 
article we are reinstating the problems department. 


BEWARE OF STUDENT IMPROVISATIONS 





JOSEPH C. OSBORN 


Assistant Professor, Department of Mechanics 

Lehigh University, Bethlehem, Pennsylvania 
With this 
Most of us have met this 


problem or similar ones in our teaching but probably have not taken the time to 
analyze the problem as completely as Professor Osborn has analyzed it. His 
comments should be interesting to most teachers of engineering mechanics. 


Most engineering students who are be- 
ginning the study of strength of materials 
possess a substantial aversion to setting 
up an integral when they are confronted 
with a physical problem where such a 
procedure is in order. To counteract 
this propensity, most elementary text- 
books of strength of materials include 
some problems which presumably cannot 
be solved without the use of calculus. 
Such a problem! is the following: 


“Determine the elongation of a uni- 
formly tapering bar, suspended vertically, 
caused by a load of 10,000 Ib. at the lower 
end. The bar is 100 in. long; the diameter 
of the upper end is 2 in. and of the lower 
end 1 in. Use E=30X 10° p.s.i. and 
neglect the weight of the bar. Answer: 
0.0212 in.” 


The student has previously encoun- 


PL 
tered the expression: 6 = AE for the 


elongation of a bar of constant cross- 
section “‘A”’, but in the present situation, 
what should be used for the area? 


(1) First trial. Perhaps the area at 
the mid-point will work. 


On 
A, = | ()? = 7, in? 


16 
and 
_ _ 10,000 100,16 
; 92/16 X 30 X 106 =. 270 
= 0.0189 ¥ 0.0212 in. 





This obviously doesn’t work, so the 
student will have to look further. 


1Problem 109, p. 8, Elements of Strength of 
Materials, Timoshenko and MacCullough. 








(2) Second trial. Perhaps the “aver. 
age” (that is, the arithmetical mean) of 
the upper and lower areas will work. 

Tv 


Area at lower end = 4 in, 


Area at upper end = ; (2)? = m in?, 
1/7 Sr 
=—i = = —jn2 
Ao 3 (Z a r) 8 in. 
and 


_ _10,000X 100 ~—s_ 8 
~ Sr/8 X 30X 108 = 150 
= 0.0170 ¥ 0.0212 in. 





6 


This seems to be getting farther from 
the answer, and many students would 
consider it appropriate to give up at this 
point. However, a persistent and re- 
sourceful student might well continue the 
search for an appropriate area for the 
formula. 

(3) Third trial. Perhaps the geo- 
metric mean of the upper and lower areas 
will work. 


[x 
A3= ae a/2 


3 — 10,000X 100! _ ooni2in 


5 X 30 X 108 


and 


(correct) 


The student’s hour of triumph is now at | 


hand. He has found the answer, and 
without the use of calculus. 
Unfortunately, this procedure is cot 
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rect not only for this problem but fora Y¢s ff YY ff Zs fff Li LlLilLk il 


certain class of problems of this type. 
The applicability and the limitations of 
the student’s procedure can be deter- 
mined from the following general analysis: 


Suppose that the cross-sectional area 
of the bar shown in Figure 1 varies ac- 
cording to the law: A = Ky". Then 


ds = == 

and 
P 6 2} P yeh 6 
imal y o-Z(- [ 


when n+ 1, 





= nae Are (o-* —_ a) 
KE(1 — n) , 

















Az 


ha 




















Ifn = 2: 


mica) 





- PL 
~ KE\ ab )~ E(Kab)’ 


but 4; = Ka? and Az = K6?*; hence 


ee 
sea ee 





and 
vs 
K 
or 
Kab = VAjA2. 
L 
Fq. (1) 6= EVAA, for n= 2. 





For the general case of m > 1: 





ae = 4) 
~nw-1\KaE KbE 


Fig. 1 


but A; = Ka" and A» = Kb"; therefore 
eae 8 
~ m—-1\ AE AES 


; BP 
Eq. (2) 6= mo 


1 (6 oe 5e), 


n> 1, 








where 6, = elongation of a bar of uniform 
area “A,” and length “a” and loaded 
with a load P and 6, = elongation of a 
bar of uniform area “A,” and length “6” 
loaded with a load P. For the case 
where » = 1: 


Pdy 
18 = KB 
ey ee 
ras; + Res 
but 
A Ag 
K= se 
therefore 
b Ao 1 a 
ag and ae * 


(Contiued on page 365) 





AN UNDERGRADUATE COURSE 





IN MECHANICS OF MATERIALS FOR 
THE AERONAUTICAL ENGINEERING STUDENT 


HAROLD DEGROFF 


Head, School of Aeronautical Engineering 


Purdue University, Lafayette, Indiana 


Presented at the June, 1958, Annual Meeting of ASEE at the University 


of California, Berkeley. 
Division. 


There are several considerations 
which one must first set down before 
an undergraduate course in mechanics 
of materials for aeronautical engineer- 
ing students can be analyzed. The 
first of these is a clear understanding 
of what is meant by the term “aero- 
nautical engineering student.” 

Every engineering student is poten- 
tially an aeronautical engineer. One 
need only inspect the roles of the en- 
gineering department of an average 
aircraft company to verify this state- 
ment. There are, for example, large 
numbers of mechanical and civil en- 
gineers carrying out structural analy- 
ses side by side with aeronautical en- 
gineers trained specifically for the 
industry. 

The aeronautical engineering grad- 
uate, as such, is distinguished from 
other engineers in the aircraft indus- 
try by the specific training which he 
has received in the peculiarities and 
interrelationships of aircraft design. 
For example, the structural civil en- 
gineer is frequently employed to do 
detail stress analysis of aircraft. 
However, the aeronautical engineer 
is specifically trained in the tech- 
niques of marginal structural design 
and such concomitant unusual analy- 
sis problems as, for example, thermal 
stress conditions, stress concentrations, 
dynamic loadings, fatigue, etc. 

Likewise, the mechanical engineer 
is trained largely in component de- 
sign, whereas the aeronautical engi- 
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neer has as his background system 
design and interdependent structural 
integrity problems as typified by the 
design of an aileron control system 
which is affected by the aeroelastic 
deflections of the wing. 

One could say, therefore, that the 
aeronautical engineer is distinguished 
by the types of rather unusual prob- 
lems which he must face rather than 
by the techniques with which he ap- 
proaches these problems. 


Post-requisites 


Before one can logically define an 
undergraduate course in any disci- 
pline it is necessary to postulate the 
material which is to follow. In the 
case of the aeronautical engineering 
student who is to become an aircraft 
structural analyst and designer at 
graduation, the following general at- 
tributes are desirable. 

First, he should have a thorough 
knowledge of the behavior, limita- 
tions, peculiarities, and properties of 
a wide class of structural materials. 
These materials should include all of 
the basic metals and their alloys. In 
addition, the modern designer must 
have at his grasp a thorough under 
standing of ceramics, plastics, rubbers 
and synthetics, and he must also ur 
derstand the behavior of such exotic 
materials as beryllium. This signifies 
that the aeronautical engineering 
graduate should be well versed in 
metallurgy, physical chemistry, solid 
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state physics, and the application of 
these subjects to the engineering use 
of materials. 

Second, the aeronautical engineer- 
ing structural analyst and designer 
should have an understanding of 
stress and strain states in both elastic 
and inelastic media. This should 
cover the states of stress and strain 
under both static and dynamic load- 
ings whether uniform or non-uniform. 
Basically, of course, here one is talk- 
ing about the fundamentals of elas- 
ticity and their extension to inelastic 
materials. One would definitely re- 
quire that the undergraduate aero- 
nautical engineer realize that stress is 
a tensor and be aware of the connota- 
tion of this term. 

Third, the aeronautical structural 
analyst and designer should have a 
rudimentary knowledge of the exact 
solutions of the theory of elasticity. 
This is essential. Throughout design 
and analysis of aircraft structures, the 
engineer is forced to make a number 
of approximations, assumptions, and 
simplifications. This means that he 
must, from time to time, revert to 
simple theories of the mechanics of 
materials and to numerical and ap- 
proximate techniques. He must have 
a basic understanding of the limita- 
tions of these simple theories and 
techniques else he runs the risk of 
applying them incorrectly. There are 
very few methods which can be em- 
ployed to ascertain the limitations of 
such simple theories unless at least a 
rudimentary knowledge of exact solu- 
tions is available. One could argue 
that the simple theories could be put 
to the test of experiment. However, 
this is time consuming, expensive and 
certainly undesirable when exact so- 
lutions or limiting solutions are avail- 
able. One should not be in the posi- 
tion of trading money and time for 
indefensible ignorance. 

Thus one comes to what is prob- 
ably the end goal of any sequence of 
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courses in undergraduate engineering, 
the ability to apply approximations 
with judgement and facility. This 
should be the philosophy, therefore, 
of the last undergraduate structural 
analysis and design course for aero- 
nautical engineering students. 


Pre-requisites or Co-requisites 


Having stated what the first course 
in mechanics of materials is to lead to, 
it is next necessary to postulate the 
material upon which the course is to 
be built. If as stated above, this first 
course is to be based largely on prop- 
erties of materials and the fundamen- 
tals of stress, strain, and stress-strain 
states, then the following prerequisites 
seem to be a minimum. 

The student should have had math- 
ematics through ordinary differential 
equations. It is preferable, although 
not completely necessary, that he also 
have had an elementary knowledge of 
partial differential equations. 

He should have been exposed to 
modern physics. Many material prop- 
erties are only clearly understood from 
this view point. 

The student admitted to an under 
graduate course in mechanics of ma- 
terials should have had the usual 
background in engineering statics and 
kinetics. It should be unnecessary 
to repeat this subject matter except as 
it directly applies to the topic mate- 
rial at hand. 

It would also be desirable to pre- 
cede a mechanics and materials course 
with physical chemistry. It is diffi- 
cult at times to work such a subject 
in, and yet a careful survey of most 
engineering programs indicates that 
such is entirely feasible. 

The above prerequisites seem to in- 
dicate that the mechanics of materials 
course would be pushed far too late 
into the program. However, this is 
not the case. In the Purdue School 
of Aeronautical Engineering program 
a mechanics of materials course based 
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on the above prerequisites could be 
taught in the 5th semester. Most en- 
gineering programs could include a 
course based on such prerequisites not 
later than the 6th semester. This 
would then leave the last 2 or 3 se- 
mesters upon which to round out the 
structural analysis and design program. 


Existing Courses 


In designing any course there are 
at least three phases which one goes 
through. First, the general philo- 
sophical background of the course 
must be considered. This leads only 
to the haziest outline of what is to be 
done. Second, a fairly specific but 
still largely general set of topic head- 
ings can be set down. From this set 
of headings various subjects are de- 
leted and additions are made as the 
design of the program proceeds. 
Finally, a selection of the exact topics 
on a day by day basis is made and the 
result is the final syllabus of the 
course, at least until it is taught once. 
In this discussion the exact selection 
of topics must be left to the individual 
expert instructor. It should be pointed 
out, however, that as far as the aero- 
nautical engineering program is con- 
cerned, the selection of individual 
topics is of secondary importance so 
long as the correct basic philosophy 
is maintained. 

A careful study was made to deter- 
mine whether the course outlined be- 
low is presently in existence in any 
engineering department. Since it is 
impossible to check each institution 
directly, a recourse to the available 
textbooks was made. There is a large 
number of text books on mechanics of 
materials available; therefore only a 
few will be referred to here. Several 
of the authors are well aware of the 
multiplicity of such books. For ex- 
ample, in his preface to Strength of 
Materials, Den Hartog starts with the 
sentence, “No apology can logically be 
expected from an author who has had 
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the temerity to add still another to 
the existing large collection of col- 
lege textbooks on Strength of Mate 
rials and hence no apology is offered,” 
Thus the various books that were re- 


viewed and those few which will be 


referred to here are by no means in- 
clusive. However, I am certain that 
most will agree they are representa- 
tive. For example, in addition to Den 
Hartog’s book, reference will be made 
to Strength of Materials by Shanley; 
Strength of Materials, Part I, Elemen- 
tary Theory and Problems by Timo- 
shenko; and Elasticity in Engineering 
by Sechler. 

Professor Shanley’s book deserves 
special attention because it is quite 
new and modern in scope. It is lit- 
erally a compendium of the basic 
techniques and ideas in the mechan- 
ics of materials. In his preface, Pro- 
fessor Shanley, in alluding to the rea- 
sons why materials behave as they do, 
says, “Although it is highly desirable 
for design purposes to be able to re- 
duce such phenomena to mathemat- 
ical form it is not the purpose of this 
book merely to present formulas into 
which the student substitutes numbers 
to obtain a solution. The primary ob- 
jective remains that of developing a 
clear physical understanding of phe- 


nomena.” With all due respect and | 


deference to the distinguished author, 
this writer feels that the textbook falls 
somewhat short of the above state- 
ment, although certainly only in a 
matter of degree. To the uninitiated, 
there is still a considerable amount of 
technique included. Professor Shan- 
ley was probably forced into this by 
the fact that most mechanics of mz 
terials courses are based upon an it- 
adequate background on the part of 
the student which necessitates exclu: 
sion of such items as the use of partial 
differential equations and considera- 
tion of non-uniform stress states. 

In his preface, Professor Timoshenko 
points out, “At the present time a de 
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cided change is taking place in the 
attitude of designers toward the ap- 
plication of analytical methods based 
on the solutions of engineering prob- 
lems. Designs are no longer based 
principally upon empirical formulas. 
The importance of analytical methods 
combined with laboratory experiments 
in the solution of technical problems 
is becoming generally accepted.” In- 
cidentally, Professor Timoshenko’s 
book was first published in May of 
1930. 

Finally, Professor Sechler states in 
his preface, “This book attempts pri- 
marily to bring into one volume the 
material of most interest to the engi- 
neer who needs a broad foundation 
based on the fundamental theories of 
stress and deformation of elastic bod- 
ies under load. To this end, the first 
part of the book is devoted to estab- 
lishing the fundamental equations and 
assumptions underlining the whole 
field of elasticity.” 

Since nearly everyone is familiar 
with these very classic and very use- 
ful books, it is unnecessary to discuss 
them. They are undoubtedly repre- 
sentative of the way that most me- 
chanics of materials courses are or- 
ganized. 


The Proposed Course 


What is proposed here as a basic 
course in the mechanics of materials 
is somewhat different from courses 
typified by the books noted. For ex- 
ample, in a three semester hour 
course, it is suggested that there 
should be just two main topics: one, 
engineering materials, and two, the 
basic nature of stress and strain. The 
time in the semester would be ap- 
proximately equally divided between 
these two subjects. 

In the discussion of engineering 
materials there should initially be con- 
siderable emphasis on the empirical 
behavior of elastic and inelastic ma- 
terials. Factors which influence ulti- 
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mate strength, ductility, homogeneity, 
isotropy, etc. should be discussed at 
length and then available theories of 
failure, creep, and fatigue which rely 
upon these notions could be dis- 
cussed. This would lead to an intro- 
duction to the synthesis of materials 
having various desired properties. 

It is quite obvious that such mate- 
rial requires a fundamental under- 
standing by the student of physical 
chemistry and solid state physics, 
hence the pre-requisites mentioned 
above. The student can not be ex- 
pected to make sensible design judg- 
ments on the use of materials until he 
has at least the background repre- 
sented by this subject matter. 

The second part of the course 
would deal with the basic nature of 
stress and strain. It would be desir- 
able to derive the equilibrium condi- 
tions within the body under both 
uniform and non-uniform stress condi- 
tions. This of course requires the use 
of partial derivatives and partial dif- 
ferential equations. It does not, how- 
ever, require an extensive knowledge 
of the solution of partial differential 
equations. At this stage the student 
would be carefully instructed in the 
tensorial character of stress and all 
that this term implies. 

Next, the notions of strain both un- 
der uniform and non-uniform condi- 
tions could be discussed. This leads 
to the compatibility relations for the 
case of an elastic body. 

Finally, a careful and detailed dis- 
cussion of stress-strain relations for 
elastic, inelastic, plastic, etc. engineer- 
ing materials and the resulting gov- 
erning mathematical statements would 
be carried out. It is at this point that 
the student’s knowledge of engineer- 
ing materials would first be put to 
use. 

Throughout the above course it 
would be desirable to emphasize and 
freely utilize the unity of the basic 
mechanics of materials problems. 
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After all, stress is stress and strain is 
strain and the various applications do 
not require alteration of the basic na- 
ture of these ideas. In being led 
from one type of problem in struc- 
tural analysis to another, the student 
should be made constantly aware of 
this unity. In addition, the student 
should be forced to assemble and put 
to use the appropriate mathematical 
disciplines. There is no logical rea- 
son, for example, to bypass the use of 
partial derivatives and partial differ- 
ential equations. Mathematics is a 
tool which makes the problems of 
engineering easier. Therefore these 
tools should be exploited to the ut- 
most. One does not saw a 2 by 4 
with a hand saw if a power saw is 
immediately available. Courses which 
willfully ignore the short cuts which 
can be employed with the use of ad- 
vanced mathematics short change the 
student drastically. 

In such a course it would be desir- 
able to minimize the emphasis on 
problem solving techniques. Where 
necessary, such technique can be com- 
municated through homework prob- 
lems. The problem solving tech- 
niques should come later, after the 
fundamentals of the subject matter 
are well in hand. It would also be 
desirable to minimize isolated analy- 
sis techniques which likewise will 
come later. 


Follow Up Courses 


It would be logical to follow the 
course in mechanics of materials for 
aeronautical engineering students by 
a course in applied elasticity. In such 
a course, the various exact solutions 
available from the theory of elasticity 
would be discussed and exploited. In 
particular, those exact solutions which 
are available for the analysis of 
beams, torsion of sections, plates, 
shells, structures under combined 
loadings, etc. should be discussed. At 
each stage of the game, possible sim- 
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plifications should be pointed out and 
should be driven home forcibly by 
the use of homework assignments. It 
is unnecessary at this point, however, 
to spend a great deal of instructional 


exact solutions. 

Then in the final course, various 
techniques such as energy methods, 
approximations, and computer appli- 
cations, etc., which are of such tr. 
mendous use to the modern structural 
engineer, should be fully and ade. 
quately demonstrated. The student 
should be given a great deal of pra. 
tice with such techniques. Further 
more, it is important that these tech. 
niques be applied to modern example,, 
such as low aspect ratio wings, ther 
mal stress analysis, etc. Having had 
the fundamentals in the precedin 
two courses, the student will be in: 
position to exploit the approximat 
techniques and to realize their limit: 
tions. This latter fact can not k 
over-emphasized. 


Summary 

In summarizing the discussion 0 
the design of a mechanics of material 
course to meet the needs of an under 
graduate aeronautical engineer, the 
following main ideas deserve emphi 
sis. 


1. A mechanics of materials cours 
for undergraduate students should kk 
postponed until the basic mathemat 
ics, physics, mechanics, and chemisty 
prerequisites are met, even thoug 
these prerequisites are somewhat at 












vanced in that the mathematics shoull 
include differential equations, th 
physics should include modern phys 
ics, and at least physical chemisty 
should be taken. Such a mechanicsd 
materials course can still be taught 
either in the 5th or 6th semester al 
thus allow two or three semesters fa 
the follow-up courses. 

2. The desirable course then shoul 
emphasize the properties of material 
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and the fundamentals of stress, strain, 
and stress-strain concepts. In teach- 
ing these ideas the appropriate mathe- 
matics should be utilized to the fullest 
extent. 

3. In the course in mechanics of 
materials for aeronautical engineering 
students it is desirable to de-empha- 
size problem solving techniques and 
to avoid all symptoms of cook-book- 
ishness. The problem solving tech- 
nique should be reserved for the last 
course. 

4, Following the mechanics of ma- 
terials course would be a first course 
in aircraft structural analysis, which is 
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Those students who tried either the 
first or second method will now ask their 
teacher, ““‘Why doesn’t this work?” The 
rare student who tried the third method 
will undoubtedly be chagrined if his 
teacher does not consider his solution 
valid and will probably ask, “What’s 
Wrong with this method? I obtained the 
answer.” Either question is a snare and 
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primarily applied elasticity and which 
would deal with the exact notions 
from the theory of elasticity; and 
finally a course in the techniques of 
structural analysis and design based 
on modern examples would be given. 


With such a structural analysis 
background, a graduate of an aero- 
nautical engineering curriculum would 
be in an admirable position to attack 
the many and varied problems which 
he must face in the design of modern 
aircraft and which are not included 
in any existing strength of materials 
or structural analysis book. 


(Continued from page 359) 


a trap for the teacher and, in order to 
retain or obtain the student’s admiration, 
he may succumb to the temptation to 
answer the question, “Why not?” If he 
does so, he has not only gone beyond the 
call of duty, but he may have reinforced 
the student’s belief that the question, 
“Why not?” is appropriate. This ques- 
tion implies that a computational pro- 
cedure is innocent of error until it is 
proven guilty, and hence that the burden 
of disproving a procedure rests with 
those who are not convinced of its va- 
lidity. The correct approach is just the 
reverse. A person who advocates a par- 
ticular procedure is obligated to justify 
the method by demonstrating that it 
follows logically from previously estab- 
lished principles. 

In conclusion, I hope that the three 
cases cited above, and the corresponding 
expressions for elongation will not subse- 
quently appear in text-books of strength 
of materials, since students would re- 
gard them as merely additional formulae 
to be memorized. Rather, engineering 
teachers should continue to insist that 
students should practice the application 
of the method which leads to the results 
obtained above. It is the intellectual 
discipline which is important, since it has 
a wide range of applicability. 
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The solution of an engineering 
problem quite often involves the solu- 
tion or at least the understanding of 
a materials problem. This is obvious, 
but it is important for this discussion 
because it refers to electrical engineer- 
ing as much today as in the past; the 
limitations imposed by materials are 
still present for the electrical and elec- 
tronic engineer as well as for the civil, 
mechanical, or metallurgical engineer. 
However, because of the generality of 
this statement, it is of little help in the 
selection of the proper subject matter 
for college courses. It certainly means 
that electrical engineers should have 
some courses in mechanics and mate- 
rials; it probably does not mean that 
these courses should be the same as 
those taken by other engineers. 

I propose to look into the meaning 
of the materials problem for the elec- 
trical engineer, to investigate his needs 
in the areas of mechanics and of mate- 
rials, and then attempt to translate 
these needs into an educational pro- 
gram. 

From the beginning of my prepara- 
tion for this discussion it was evident 
that I could not discuss mechanics, or 
materials, or strength of materials out 
of the context of a complete program 
in materials for electrical engineers, 
and that such a program encompasses 
more than is now found in traditional 
courses with these names. Therefore, 
my discussion will have to refer to a 





complete program and later I will sug- 
gest one for your consideration. 

To attempt to list the actual needs 
of today’s electrical engineer for a 
knowledge of materials and materials 
properties is a bit dangerous because 
of the lack of real evidence and the 
differences of opinion on this point. 
There is certainly a feeling among 
electrical engineering educators that 
their product is less concerned with 
mechanical and structural design now 
than he was ten to fifteen years ago. 
This feeling is undoubtedly correct. 
The majority of electrical engineers 
graduating today are not directly, if 
at all, concerned with such tasks as 
mechanical design of machines, of 
transmission line towers, or of antenna 
structures. The few electrical engi- 
neers with such problems are backed 
up by mechanicals and civils who not 
only help with the structural design but 
are available for the problems of heat 
transfer, fluid flow, etc. It is easy to 
grant very much of this argument 
and, perhaps, to go further, but it is 
also true that electrical enginers re- 
quire a greater awareness of materials 
and their limitations today than ever 
before. 

There are a number of reasons for 
this. Let me try out a few on you. 
The first is that to a larger degree than 
other engineers, electricals are becom- 
ing systems engineers. Consider the 
history of servo mechanisms as one 


Jrl. Eng. Ed., V. 49, No. 4, January 1959 








tion; 
trical: 


auton 
other 
of el 
denta 
probl 
puter 
comp 
have 
puter 
ment 
oped 
dio, 

their 
The 

volve 
mode 
in th 
these 
to de 
ber f 


sense 
tions 
in a 
stren; 


| speec 


and | 


of as 
statis 
rials 

syste: 
lutior 


the s 
post » 


| post: 


to all 
has n 


neer 

edge 
nique 
mate 
he n 
are 0 





SCHATZ 


nd Science 
Pittsburgh 


University 
- the Me. 


will sug- 
ion. 
1al needs 
er for a 
materials 
; because 
and the 
1is point. 
x among 
tors that 
ned with 
sign now 
ears ago. 
’ correct. 
engineers 
rectly, if 
tasks as 
hines, of 
F antenna 
cal engi- 
e backed 
who not 
esign but 
is of heat 
s easy to 
argument 
but it is 
iners re- 
materials 
han ever 


asons for 
on you. 
gree than 
e becom- 
sider the 
s as one 


January 1959 


_ tials problems. 
' system ultimately depends on the so- 


than ever before. 





Jan., 1959 


bit of evidence to support this conten- 
tion; or, look at the number of elec- 
tricals now involved in the design of 
automatic control systems. For an- 
other illustration think of the number 
of electrical components and, inci- 
dentally, the number of materials 
problems, involved in a complex com- 
puter, which is nothing more than a 
complex system; electrical engineers 
have been and are prominent in com- 
puter development. Think for a mo- 
ment about the nation’s highly devel- 
oped communications systems in ra- 
dio, television, and telephone and 
their associated materials problems. 
The electrical engineer is again in- 
volved. Yes, it may be true that the 
modern electrical engineer engaged 
in the design or operation of one of 
these systems does not have occasion 
to design a beam or a machine mem- 
ber for a given strength, but it is also 
true that he must in a larger overall 
sense have an awareness of the limita- 
tions and uses of materials. After all, 
in a mechanical servo it may be a 
strength property which limits the 
speed of response, and in computers 


_ and communications systems it may 


be the spring on a relay, the design 
of a support for a tube element, or the 
statistical reliability of hundreds of 
parts in series which form the mate- 
The success of the 


lutions of these materials problems. 

In this relatively recent concept of 
the systems engineer there is a sign- 
post for curriculum designers, a sign- 


_ post which has always been applicable 


to all fields of engineering but which 
has now been brought to sharper focus 
The systems engi- 
neer must bring a breadth of knowl- 
edge and a wide mastery of tech- 
niques to bear on his problems. The 
materials problem is not the only one 
he must solve or understand; there 
are others as important. This breadth 
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of knowledge means breadth of un- 
derstanding and it must not be ac- 
companied by a lack of depth. “A 
contradiction!” I hear you saying, 
but I assure you that it is not. 

This expanded requirement for 
breadth has already caused a reap- 
praisal and a renovation of electrical 
engineering curricula in many of the 
better schools. The ballots are not all 
in, and, as you can suspect, there is 
not agreement. But without counting 
the votes it is clear that training in 
the materials area for electrical engi- 
neers must also change to meet the 
new challenges. 

Now to another and different rea- 
son for the electrical engineer’s in- 
creased dependence on a knowledge 
and understanding of materials and 
materials properties. This is a plea 
for a training in depth. Perhaps an 
example will help make the point. 
For all but recent graduates the the- 
ory of electrical conduction was a 
simple one. A few comments on free 
electrons and some simple electric 
field ideas were sufficient to explain 
conduction. A material was either a 
conductor or an insulator—its resistiv- 
ity was high or low—10° or 10". 
Try to explain a semi-conductor on 
this basis. Semi-conductors and tran- 
sistors now demand a more funda- 
mental understanding of the process 
of conduction so that the many new 
uses of such solid state devices can 
be exploited and their limitations fully 
understood. Another example: a 
switch was once a mechanical device 
—now some switches have no moving 
parts; they may be a solid state diode, 
a transistor or magnetic device em- 
ploying the new square loop materials 
and their functions may be very tem- 
perature or humidity sensitive. These 
advances and others require a deeper 
and different and more fundamental 
understanding of materials by today’s 
electrical engineer, and these facts also 








call for a serious look at our educa- 
tional programs in this area. 

Yet, the electrical engineer con- 
tinues to live and work in a world of 
structures. Perhaps I might digress 
here to relate a slightly humorous 
story which may bring this point 
home. It concerns one of my doctoral 
candidates who was building some 
apparatus to make rough checks on 
a mathematically complicated elec- 
tromagnetic field problem he had just 
completed. It was necessary for him 
to build some supports for a rather 
long probe which was to be used to 
measure electric and magnetic fields. 
It was important for this support to 
be firm but the requirments for pre- 
cision were not very exacting. He 
finally decided to build this device by 
inserting two “two by fours,” 5 to 6 
feet long, into a large mass of con- 
crete—about three cubic feet or so. 
He thought it would be rather easy to 
build this in the lab, load it into his 
car and take it to an outdoor site 
where the measurements were to be 
made. He had no idea or, at least, 
did not consider how much the con- 
crete would weigh. He gave even 
less thought to the poor rigidity of the 
“two by fours” at the position he 
wished to attach the long probe. Ad- 
mittedly this man was rather naive 
about structures of this type, but let 
me assure you, he has a deep under- 
standing of the science of materials. 
I suppose you might say he lacked 
the “engineering of materials!” He 
certainly failed to consider the limita- 
tions imposed by his choice of mate- 
rials and method of construction even 
though the structure he needed played 
only a minor role in his experiment. 

Let me try to summarize some of 
the points I have been making. First, 
today’s electrical engineer must have 
a more fundamental understanding of 
materials and of the properties of ma- 
terials than formerly required of him. 
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He needs to understand the new cir. 
cuit elements and components which 
have been placed at his disposal. Sec. 
ondly, he must have an overall “sys. 
tems-concept” of the limitations of 


-materials in contrast to the former 


narrow structural concept and with 
this he must have breadth of learning 
and a breadth of ability. Finally, 
while the electrical engineer may not 
have to solve structural problems, he 
cannot avoid them completely. The 
world of engineering is, after all, a 
world of structures. 

The educational problem here is an 
imposing one and we need some help. 
I think we can get it by backing of 
to take a look at the role and function 
of engineering education. One con- 
soling thought should not be forgot- 
ten here. The goals which have been 
set are ultimate goals which do not 
have to be met at the end of a four 
or five year period. The years after 
college when the engineer must con- 
tinue to learn can be the time of some 
of this educational program provided 
the foundation of underlying prin- 
ciples and the framework of applica- 
bility are firmly established during the 
undergraduate years. This means that 
whatever subject matter is chosen it 
must be basic in the sense that the 
student can build on it either in later 
courses or after graduation, and it 
must have reasonably immediate ap- 
plicability to the solution of college 
level engineering problems so that the 
student recognizes its importance and 
returns to it as a beginning point for 


further study and for the solution o 7 


subsequent engineering problems. 
Breadth of learning implies wide use 
of learning, and this can only come 
through the thoughtful application of 
principles to engineering problem 
situations. 

In mechanics of materials these 
ideas may lead us immediately to omit 
the more empirical or very special re 
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lationships and lead to concentration 
on the minimum number of root con- 
cepts with careful application to a 
few cases. By basic or root, I do not 
necessarily mean the most fundamen- 
tal or quantitative and analytical. I 
simply mean the presentation of basic 
ideas which will permit without un- 
due handicap further growth in two 
directions: a) toward a later more 
fundamental understanding of the 
idea or principle, if this is eventually 
necessary, and b) toward the use of 
this idea in application or in the fur- 
ther acquisition of other basic knowl- 
edge. An illustration here might help 
to clarify a point. We start our study 
of physics with Newton’s Laws of 
Motion, even though we know these 
have been replaced by more funda- 
mental notions. Newton’s Laws have 
ease of understanding and wide ap- 
plicability; they contain almost no 
content which must be unlearned 
when a more fundamental study is 
required. Another way of saying this 
is that what is basic—to a student—is 
more a function of his level and the 
use he makes of the knowledge than 
it is of the subject matter itself. 

By careful application I do not 
mean repeated routine use of special 
methods in the solution of highly 
idealized problems. I mean problems 
where choice of principle, method of 
execution and responsibility for the 
correctness belong to the student. 

Now, to some details. It is clear 
that a program in the science of mate- 
tials is necessary for the electrical en- 
gineer. This program has already 
received much attention,” ? and I will 
not dwell on it except to suggest that 


1Qbjectives in Solid-State Physics for 
Electrical Engineers by E. M. Williams, pre- 
sented at the Joint Conference of Physics 
and Electrical Engineering Divisions, ASEE 
Convention, June 18, 1957. 

2The Science of Engineering Materials, 
a book, edited by J. E. Goldman, John Wiley 
and Sons, Inc., 1957. —- 
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it can begin in freshman chemistry, 
continue in regular physics courses 
and require, at most, one or two 
courses beyond this point. The role 
of the mechanics teacher in this area 
is not well-defined. I can suggest 
that in materials laboratory courses 
given by some mechanics departments 
and civil engineering departments 
there exist opportunities for integra- 
tion and discussion of the solid state 
aspects of materials properties. Ad- 
mittedly these discussions must be de- 
scriptive and qualitative because of 
the present shortcomings of solid state 
theory, but the important connections, 
and the possible future important con- 
nections, between the science and the 
engineering of materials can be estab- 
lished. The Civil Engineering De- 
partment at Carnegie Tech is pres- 
ently working on an experimental 
course in this area. Incidentally, lab- 
oratory courses with an experimental 
approach to the study of mechanics of 
materials appear to me to be very 
suitable for producing awareness of 
structural problems. 

For the “engineering of materials” 
electrical engineering education looks 
to the teachers of mechanics, and from 
it they expect some breadth of knowl- 
edge, wide mastery of method, and 
perhaps, through laboratory courses 
as I have just mentioned, an aware- 
ness of structures. The Evaluation 
Follow-Up Report of the Committee 
on Mechanics of Solids states that 
“Engineering Mechanics is one of the 
first subjects in the curriculum which 
offers an opportunity to develop the 
skill of the student in engineering 
methodology.” The report also says 
that “The heart of a treatment of En- 
gineering Mechanics is Newton’s Laws 
of Motion or equivalent statements, 
which can usually be stated in very 
brief form. The remainder of the 
course is not a question of more sub- 
ject matter but rather a question of 











developing a better understanding of 
these laws and skill in their use in 
solving engineering problems.” This 
is what I have been saying, so that 
it looks as though we electrical engi- 
neers have come to the right store. 
This is exactly what we want! I 
would raise a question though. Are 
we getting the merchandise as ad- 
vertised? 

In statics there is much routine and 
repetition that can be avoided. Re- 
peated application of equilibrium 
conditions to structure after structure 
is certainly unnecessary, and pro- 
longed calculation of moments and 
products of inertia long before their 
usefulness has been established is ex- 
travagantly bad education. From ex- 
perience with courses in engineering 
analysis taught to electrical engineer- 
ing students after they have taken 
mechanics, it is clear that such ac- 
tivities can be drastically pruned with- 
out serious damage. Enough pruning 
can be accomplished so that an ele- 
mentary analysis of stress and strain 
can be included in a first course in 
mechanics and thus, the first ideas of 
strength of materials can be intro- 
duced. Some efforts have been made 
in this direction at my school, and 
electrical engineers now take a single 
three hour course of this type plus a 
more traditional course in dynamics. 
Much of what I have said about 
statics and strength of materials ap- 
plies also to dynamics, where con- 
siderable reduction of special content 
could profitably take place. I am 
really asking whether teachers in me- 
chanics are teaching in the spirit of 
the statements I have quoted from 
the Evaluation Follow-Up Report, 
that is, teaching from a minimum of 
basic principles. One wonders when 
the chapter headings in a mechanics 
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text read Statics of Particles, Forces 
in a Plane, Forces in Space, Statics of 
Rigid Bodies in Two Dimensions, Stat. 
ics of Bodies in Three Dimenesions, 
Centroids, Center of Gravity, Mo- 
ments of Inertia, Method of Virtual 
Work, Kinematics of Particles, Kinet- 
ics of Particles: Work and Energy, 
Kinetics of Particles: Impulse and 
Momentum, Kinetics of Rigid Bodies; 
Work and Energy, Kinetics of Rigid 
Bodies: Impulse and Momentum, Col- 
umns and Curved Beams, Statically 
Indeterminate Beams, Deflection of 
Beams, Stresses in Symmetrical Beams, 
Local and Lateral Bucking, etc. | 
have purposely made the list long. 
I doubt if such a list for electrical en- 
gineering can be made. Let me try: 
Kirchkoffs Voltage Laws for one loop 
circuits, Kirchoffs Voltage Laws for 
circuits without resistance, without 


inductance, without capacitance; Kir- | 
' Colo 


chkoffs Current Laws for all these 
cases; Kinetics of Circuits: Work and 
Energy, Kinetics of Circuits: Voltage- 
Time and Flux Linkages. Actually I 
was wrong. This list could be ex- 
tended indefinitely but if electrical 
engineering were taught this way it 
would be disastrous. Special cases 
would have replaced principles and 
the special cases can be multiplied 
and multiplied, until they equal in 
number the different problems to be 
solved. I submit that something of 
this nature has happened in mechan- 
ics. Beautifully simple principles of 
wide applicability have been replaced 
by complicated statements of re 
stricted use. You asked me for the 
needs of the electrical engineer in a 
course in mechanics of materials. | 
make only this plea—whatever the 
subject matter, choose it for its sim- 
plicity and its wide usefulness. 
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Know Your ASEE Officers 
DEAN C. L. ECKEL 


C. L. Eckel, ASEE Vice President 
for Sections—West, is Dean of the 
College of Engineering and Professor 
of Civil Engineering at the University 
of Colorado in Boulder. He has been 
a member of ASEE since 1914, and 
was a member of the Council from 
1934 to 1937. His joining the Society 
corresponds with his acceptance of 
an instructorship in civil engineering 
at the University of Colorado. 

Dean Eckel’s career in engineering 
education was interrupted by World 
War I, in which he served as a first 
lieutenant and later a captain in the 
amy engineering corps. For a time 
he commanded the First Battalion, 


nce: Kia | 115th Engineers at the front in France. 


He returned to the University of 
Colorado in 1919 as Assistant Profes- 
sor of Civil Engineering but went the 
same year to the University of Penn- 
sylvania as an assistant professor, 
where he was in charge of structural 
design and structural engineering 
courses. 

In 1923 Professor Eckel returned 
to the University of Colorado as a 
full professor, and in 1926 he was 


made head of the Department of 
_ Civil Engineering. 


He was made 
Dean of the College of Engineering 
in 1943, 

Throughout his career Dean Eckel 
has supplemented his educational ex- 
perience with consulting work and 
with summer work with various engi- 
neering firms. 

Since 1936 he has also been Con- 
sulting Engineer for the Construction 
Department at the University of Colo- 
rado. In this position he has been 


concerned with structural design and 








the preparation of structural plans for 
the auditorium of the University’s 
medical school in Denver, and the 
field house, a men’s dormitory, wings 
of the liberal arts building, the new 
engineering building, the library, and 
other buildings on the campus at 
Boulder. 

Besides ASEE, Dean Eckel is a 
member of a long list of professional 
and civic organizations, including 
ASCE, ASME, the National Society 
of Professional Engineers, the Amer- 
ican Concrete Institute, and many 
others. He has been a member of 
the Colorado State Board of Exam- 
iners for Engineers and Land Survey- 
ors, and he served as National Presi- 
dent of the National Council of State 
Boards of Engineering Examiners in 
1950-51. 
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DEAN ELMER C. EASTON 


Dr. Elmer C. Easton, Vice President 
for Divisions, was born in Newark, 
N. J., and was graduated from Bar- 
ringer High School in that city. He 
received a Bachelor of Science degree 
in Electrical Engineering from Lehigh 
University in 1931, and two years later 
he received a Master of Science de- 
gree from the same institution. Har- 
vard University awarded him a Doc- 
tor of Science degree in 1942. 

From 1931-33 Dr. Easton held a 
research fellowship at Lehigh Uni- 
versity. He was a member of the fac- 
ulty at the Newark College of Engi- 
neering from 1935-42, and a member 
of the faculty at the Graduate School 
of Engineering, Harvard, from 1942 
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to 1948. Assistant dean at Harvard 
from 1946-48, he came to the Rutgers 
College of Engineering as dean and 
professor of electrical engineering in 
1948. 

Dean Easton has been a member 
of ASEE since 1946 and is a member 
of the Executive Council. He is a 
member of the American Institute of 
Electrical Engineers, the National So- 
ciety of Professional Engineers ( presi- 
dent of Raritan Valley Chapter), the 
Harvard Engineering Society, the 
Rutgers Engineering Society and the 
Rutgers Club. He is also a fellow of 
the American Association for the Ad- 
vancement of Science, chairman of 
the Middlesex County Planning Board 
and vice-chairman of the Piscataway 
Township Sewerage Authority. He 
is a member of the Advisory Board of 
the Pre-College Science Center, Wind- 
sor, Conn., a member of the Board of 
Visitors of the U. S. Army Signal 
School, a consultant for the World 
Book Encyclopedia, and a consultant 
for the Funk and Wagnell’s Encyclo- 
pedia. 

He holds membership in the follow- 
ing honor societies: Phi Beta Kappa, 
Tau Beta Pi, Sigma Xi, Eta Kappa Nu 
and the Blake Society. 

A registered professional engineer 
in New Jersey and Massachusetts and 
a part-time consulting engineer, Dean 
Easton is the author of Elements of 
Electrical Engineering and Calculus 
Laboratory Manual, and has contrib- 
uted numerous articles to professional 
journals. 
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DEAN KURT F. WENDT 


Kurt F. Wendt, ASEE Vice Presi- 
dent for the Engineering College Re- 
search Council, Dean of Engineering 
at the University of Wisconsin, and 
Director of the Wisconsin Engineer- 
ing Experiment Station, has been a 
member of the Society since 1927. 
Among his other services to the So- 
ciety, he was a member of the Execu- 
tive Council for 1952-54. 

Dean Wendt joined ASEE the same 
year he graduated from the Univer- 
sity of Wisconsin in civil engineering 
and began his teaching career there. 
When he graduated, he tied for first 
place honors in his class. He has re- 
mained at Wisconsin since that time, 
serving as head of the Materials Test- 
ing Laboratory for twelve years, then 
as Associate Director of the Engineer- 
ing Experiment Station, and finally, 
in 1953, becoming Dean of the Col- 
lege of Engineering and Director of 
the Engineering Experiment Station. 

In his service to the profession of 
engineering, Dean Wendt is an Asso- 
ciate on the Highway Research Board 
and chairman of its Concrete Divi- 
sion. He is also chairman of the Wis- 
consin Registration Board of Archi- 
tects and Professional Engineers. He 
is a member of Tau Beta Pi, Chi 
Epsilon, Sigma Xi, the Wisconsin So- 
ciety of Professional Engineers, the 
National Society of Professional En- 
gineers, the American Society for Test- 
ing Materials, the Society for Experi- 
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mental Stress Analysis, and the Mil- 
waukee Engineering Society. 

Dean Wendt has done considerable 
consulting work for the U. S. Forest 
Products Laboratory and in industry. 
During World War II he was in 
charge of the expansion of facilities 
for work in timber mechanics at the 
Forest Products Laboratory. Other 
work with federal agencies includes 
service as chairman of the Engineer- 
ing Panel of the National Science 
Foundation. 


(Continued on page 384) 
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Introduction 


ASEE was conceived as an organ- 
ization for the promotion of engineer- 
ing education and for many years it 
functioned primarily as a device to 
assist in the exchange of ideas among 
teachers of engineering and as a clear- 
ing house for the solution of common 
problems. A spirit of cooperation and 
of friendly helpfulness has prevaded 
its activities, and the Society has con- 
tributed greatly to the stimulation of 
improvement in engineering educa- 
tion. 

Fifty years ago, fifteen years after 
its founding, the Society had a mem- 
bership of only a few hundred. To- 
day the membership is approximately 
ten thousand. This increase is a trib- 
ute to the interest of the members in 
the program. The Society was organ- 
ized along simple and direct lines 
closely related to curricular activities. 
In 1908 the organization chart of the 
society showed divisions and a few 
committees. The intervening half 
century has brought many changes to 
engineering education. Specialization 
together with an expressed need for 
generalization, the increase in num- 
bers of students, the marked expan- 
sion of graduate work, accreditation, 
federal legislation related to educa- 
tion and technological advances have 
all influenced Society activities. How- 
ever, until 1946 the response to these 
factors was one of adding committees 
in areas where needs became evident. 
If the committee activities prospered, 
and gave evidence of being of service 
to a segment of the membership, the 
committees were given division status. 
Thus, the number of divisions has 
increased through the years and 
more standing committees have been 
evolved. 
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In 1946, when the name of the or- 
ganization was changed, some reor- 
ganization was effected. The actiy- 
ities of the institutional members as 
related to administrative problems 
were brought together in the Engi- 
neering College Administrative Coun- 
cil and a few months later the ac- 
tivities as related to research were 
coordinated in the Engineering Col- 
lege Research Council. 

Thus, the current organization in- 
volves three councils—ECAC, ECRC 
and the General Council. The activ- 
ities of the individual members come 
under the latter, which is composed 
of divisional representatives and na- 
tional officers. 

In view of the fact that the addition 
of Divisions and Committees has 
taken place on the basis of requests 
from small groups of individuals with- 
out reference to an overall plan, and 
that the scheduling of meetings of 
the various groups at the Annual 
Meeting has presented serious prob- 
lems, the questions of effective organ- 
ization of divisions and committees 
has been raised. 

At the meeting of the Executive 
Board in April 1958, President Lind- 
vall appointed a committee consisting 
of the two incumbent and one incom- 
ing Vice Presidents of Divisional ac- 
tivities-to make a preliminary study 
of the divisional and committee struc- 
ture of the Society. 

A brief statement of the objectives 
of the society, its functioning, and the 
nature of the divisions is appropriate 
as the first step in considering the 
problem. 


Objectives of ASEE 


In general terms, ASEE has a num- 
ber of objectives; in the current con- 
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stitution eight areas of service are 
listed specifically. Of these, three are 
of particular importance in this study. 
These are (1) to improve the teach- 
ing and learning of engineering, (2) 
to improve engineering curricula and 
(3) to improve the professional stand- 
ing of engineering education. 

The first objective is of concern to 
every engineering educator from 
newly appointed teaching assistants 
to the presidents of universities and 
institutes of technology. It was to 
further this objective that the Society 
was organized and to which much at- 
tention has been devoted. The So- 
ciety has a responsibility to its mem- 
bers to do all that is possible to 
improve the teaching and learning 
atmosphere in engineering classrooms 
and laboratories. It has the respon- 
sibility of so organizing its activities 
that it can reach every member with 
ideas and accomplishments that will 
stimulate and maintain a high level of 
classroom performance. 

The second objective, that of im- 
proving engineering curricula, is of 
long standing in the society. While it 
is not necessarily of direct concern to 
the entire membership of ASEE it is 
the principal concern of some seg- 
ments of the Society. Here again, the 
organization of divisions and commit- 
tees should be such that the most ef- 
fective implementation of curricular 
improvements will result. 

Activities related to the improve- 
ment of the professional standing of 
engineering education have become a 
significant part of Society planning 
and represent a segment in which 
each member has an important part. 


Functioning of ASEE 


The society, composed of members, 
functions through those members in 
fulfilling the objectives of the Society. 
The lines of communication from 
members to the Society and thence 
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back to the individual members are 
three-fold. Ideas originated by in- 
dividual members may be communi- 
cated to other members through (1) 
division meetings at the Annual meet- 
ing or at meetings of Sections or 
Branches, (2) the JourNaL or divi- 
sional publications, and (3) participa- 
tion in division or committee activities 
apart from Society meetings. 

It is estimated that less than twenty- 
five per cent of the membership par- 
ticipates in Society meetings. The at- 
tendance of members at the Annual 
meeting is usually less than twenty 
per cent of the total membership and 
those individuals make up a substan- 
tial portion of the attendance at re- 
gional meetings. Thus, regularly 
scheduled meetings are not particu- 
larly successful in reaching the mem- 
bership directly, but they are ex- 
tremely important in the furtherance 
of Society objectives. Every effort 
should be devoted to make the ac- 
tivities at the regular meetings as 
meaningful and effective as possible. 
Each member who experiences stim- 
ulation at an ASEE meeting will com- 
municate some of his experience to 
colleagues who were unable to attend. 

Theoretically every member is 
reached by Society publications. A 
limited sampling of the extent to 
which the JourNAL is read indicates 
that articles in an individual's field of 
special interest are read regularly. 
With the special reader appeal of 
publications of individual divisions it 
may be assumed that over ninety per 
cent of the members are reached by 
regular Society publications to at least 
some degree. 

A relatively small percentage of the 
membership participates in special 
committee assignments, but the results 
of the committee activities usually are 
made available to the membership 
through reports at meetings, through 
the JouRNAL and through special pub- 


lications. Reports such as that of the 
Evaluation Committee are widely 
read. 

Thus, active and passive participa- 
tion in Society activities is available to 
the entire membership. The problem 
is one of optimizing the stimulation 
and effectiveness of the participation 
in achieving the objectives outlined. 

In approaching the problem of op- 
timization as a function of Society or- 
ganization, it appears reasonable to 
assume that the Annual Meeting is 
the line of communication most af- 
fected by organization. The JourNAL 
could function equally well with or 
without divisions, committees or other 
groups provided that the quality of 
articles submitted was unchanged. 
Special committee activities are now 
carried on outside of divisional lines. 
Divisions 

There are two reasons for the exist- 
ence of Divisions. One reason per- 
tains to special interests, the other per- 
tains to having a group of workable 
size. 

Engineering education is a complex 
and varied subject, with the result 
that specialization to some degree at 
least is mandatory before progress 
can be made. An instructor whose 
primary interest is in teaching thermo- 
dynamics as well as possible is not 
going to travel several hundred miles 
to listen to papers and discussions on 
engineering economy, even though he 
might read the papers when they were 
published. Thus, divisions developed 
around particular areas of interest 
have a strong appeal to the member- 
ship. Some of these divisions repre- 
sent curricula, some represent subject 
matter and some represent types of 
organization or instruction. 

Nine divisions are organized pri- 
marily along curricular lines. These 


are Aeronautical, Agricultural, Archi- 
tectural, Chemical, Civil, Electrical, 
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Industrial, Mechanical, and Mineral, 
There is variety in organization within 
the divisions, with Civil Engineering 
being one of the more complex. The 
Civil Engineering Division, for exam- 
ple, has a number of committees which 
function almost as individual divi- 
sions. Observation at meetings of 
many of the curricular divisions and 
study of the programs of the divisions 
indicates that the interest is generally 
directed along subject matter lines, 
The impression is given that the or. 
ganization of the programs and the 
discussions in meetings largely per- 
tain to the teaching of specific courses, 
The attainment of the first general ob- 
jective, that of improvement of teach- 
ing, ranks high in the minds of indi- 
vidual members. This observation 
suggests that the members come to- 
gether in a meeting not primarily be- 
cause of curricular problems but be- 
cause of similarity of subject matter 
problems within a given curriculum. 

Seven divisions are organized pri- 
marily along subject matter lines so 
far as engineering education is con- 
cerned. Drawing, Economy, English, 
Humanistic-Social, Mathematics, Me- 
chanics and Physics represent subject 
matter areas, although Mechanics may 
have a curricular standing in some 
engineering schools and others of the 
group have curricular standing in 
other colleges of the university. In 
general, each of these divisions, like 
each of the curricular divisions, repre- 
sents a teaching department in the 
university. In contrast with the cur- 
ricular divisions, none of the subject 
matter divisions has a counterpart 
among the national professional engi- 
neering societies. This fact is impor- 
tant in evaluating the activities of the 
divisions in this group. . For the Engi- 
neering Drawing Division, ASEE rep- 
resents their national professional so- 
ciety, and this is reflected in the 
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strength, vigor and enthusiasm of the 
Division. 

Six of the divisions are organized 
on the basis of types of organization 
or instruction, and include Coopera- 
tive Education, Educational Methods, 
Evening Education, Graduate Studies, 
Relations with Industry, and Tech- 
nical Institutes. This group constitutes 
the so-called general divisions. These 
divisions cut across curricular and 
subject matter areas to deal with spe- 
cial problems common to many facets 
of engineering education. 

The three types of divisions have 
developed in part to meet special 
needs, in part along traditional cur- 
ricular lines and in part as a means 
of subdividing to increase the oppor- 
tunity for participation in specialized 
activities of particular interest to 
groups of individuals. It must be rec- 
ognized that in some instances the 
divisions represent the equivalent of 
a national professional society in the 
particular field. 


Size of Participating Groups 

For activities other than those di- 
rectly associated with the Annual 
Meeting and some Section Meetings, 
the size of a division has relatively lit- 
tle influence upon its effectiveness 
within rather broad limits. The inter- 
est, vigor and enthusiasm of the divi- 
sional officers is a more significant 
factor. At the Annual Meeting, the 
size of the division plays an important 
part in its scheduling and this in turn 
affects greatly the effectiveness of its 
program. 

Aside from visiting, renewing old 
friendships and meeting new people 
in a semi-professional vein, the mem- 
bers attend ASEE meetings for three 
purposes: (1) to transact business 
with individuals, (2) to participate in 
sessions and (3) to learn about new 
developments in the field. 

The first purpose is achieved in 
groups of two, three or four as oppor- 
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tunity affords and is not related di- 
rectly to Society structure. The third 
purpose may be accomplished in large 
groups or small groups equally well 
so long as the individual participates 
passively only. 

Thus, it would appear that the prin- 
cipal factor affecting divisional organ- 
ization is the one associated with the 
opportunities for the individual mem- 
ber to participate actively in the An- 
nual Meeting. Here, the size of the 
group is important. If the group is 
too small the discussion usually re- 
verts to the details of how my 3-credit 
course for 12 weeks differs from your 
2-credit course for 18 weeks using the 
same text. A limited amount of this 
detail is valuable to new instructors 
but generally it is more profitably dis- 
cussed privately. On the other hand, 
if the group is too large, good ideas 
may not be presented because of lack 
of opportunity or because of timidity. 

On the basis of extensive observa- 
tion it appears that groups of between 
thirty and fifty interested individuals 
are the optimum for individual par- 
ticipation in discussion of papers. If 
only half of those in attendance are 
really interested, the size of the group 
may be doubled without unduly limit- 
ing discussion. 

Rigid adherence to the principle 
that every member should have the 
opportunity to participate each day in 
meetings would require twenty-five 
or thirty simultaneous sessions for the 
usual number registering. This could 
create some scheduling problems, so 
the reasonable alternative is to con- 
struct the Annual Meeting program 
partly of sessions of this type and 
partly of larger group sessions, such as 
the present general sessions. The lat- 
ter may be utilized for problems and 
topics of general interest, while the 
smaller sessions may be devoted to 
topics of more limited interest. This 
is essentially the present arrangement. 


Conclusion 


On the basis of the points discussed 
it is concluded that the divisional 
structure of the society has its princi- 
pal influence on the organization of 
the Annual Meeting, which in turn 
has a marked influence on Society 
progress, both through stimulation of 
those in attendance and through gen- 
erating papers which are made avail- 
able to the members. To obtain max- 
imum individual participation at the 
Annual Meeting is one goal of or- 
ganizational structure. 


Recommendations 


It is recommended that further 
study be given the problem by an 
ad hoc committee, particularly to in- 
quire whether the curricular divisions 
could function more effectively as sub- 
ject matter divisions in the interest of 
reducing overlap and implementing 
more cross fertilization of ideas. The 
possibility of organizing the Annual 
Meeting programs around subject 
matter and national professional prob- 
lems and utilizing the Section meet- 
ings for curricular and regional pro- 
fessional problems should be explored. 
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Organization of the Annual Meeting 
programs on a subject matter basis 
would expedite arrangements for joint 
sessions and would help bring to. 
gether members from various divi- 
sions. It may also be desirable to 
utilize the Education committees of 
the various national professional so. 
cieties as vehicles for discussing prob- 
lems that are strictly detailed cur 
riculum items. 

The professional societies, in co-op- 
eration with the appropriate divisions, 
may also function in identifying sig. 
nificant new developments in the re. 
spective areas and in sponsoring stud- 
ies of their impact on engineering 
education. These studies might be 
conducted by the individual divisions 
of ASEE, with further exploration in 
joint sessions and culminating in pres- 
entations at general sessions for the 
benefit of the entire membership of 
the Society. 


Respectfully submitted, 


C. A. BROowN 
E. C. Easton 
GLENN Murpny, Chairman 


VALPARAISO UNIVERSITY RECOGNIZED BY ECPD 


Valparaiso University, Valparaiso, Indiana, was recently ac- 
credited by ECPD. Programs of mechanical, civil, and electrical 
engineering are offered. VU becomes the fourth school in Indiana 
recognized by ECPD. The other three are Notre Dame, Purdue, 


and Rose Polytechnical Institute. 


— 
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STIMULATION OF CONTRIBUTIONS 
TO EDUCATIONAL INSTITUTIONS 
BY EQUALIZING TAX TREATMENT 


The resolution proposed at the end of this report was adopted by the 
General Council at the June meeting in Berkeley. 


The magnitude of the problem 
which faces the nation’s colleges and 
universities, so that they may obtain 
the funds necessary to meet their fu- 
ture obligations, has already been suf- 
ficiently publicized so that it needs 
little documentation. For engineer- 
ing alone the recently published re- 
port by ASEE’s Committee on De- 
velopment of Engineering Faculties 
predicts a need for an 80 per cent 
expansion in engineering teachers and 
$140 million more to pay the salary 
bill in 1967, without counting the 
cost of new facilities also required. 
ECRC’s just published survey of En- 
gineering College Research Capabil- 
ities indicates that an additional $10 
to $25 million would be required in 
addition to the present $86 million be- 
ing spent in order to realize the re- 
search potentialities of our present en- 
gineering faculties, with some $200 
nillion in addition being needed for 
equipment and facilities. The Presi- 
dent's Committee on Education Be- 
yond the High School has predicted 


/ an annual need by 1970 for colleges 


and universities generally of more 
than double the approximately $3.4 
billion spent in 1953 for current pro- 
grams and plant expansion. 

How will these large increases in 
cost be met? Traditionally this coun- 
try has relied on a combination of 
means, both public (through taxa- 


_ tion) and private (from voluntary 


contributions ), in order to provide the 


_ basic support for higher education. 


There are many powerful reasons for 
continuing a balance among these 
sources, As the President’s Commit- 


tee stated: ? “In the Committee’s view, 
there is no one best source. Participa- 
tion of each group, public or private, 
local or national, has virtues and lim- 
itations. Only a balanced combina- 
tion of total effort will serve the need 
without creating imbalances in re- 
sponsibility.” 

If we are to continue to have a bal- 
ance between public and _ private 
sources of funds and to reap the many 
benefits which result from diversifica- 
tion in sources of funds, there is 
abundant evidence that private giving 
must be increased very substantially 
and very rapidly. However, there are 
real problems in achieving this objec- 
tive. A recent report on Stimulating 
Voluntary Giving to Higher Educa- 
tion and Other Programs prepared by 
the Surveys and Research Corporation 
for the American Association for the 
Advancement of Science indicates that 
over the past 30 years, philanthropic 
giving averaged very close to 4 per 
cent of adjusted gross income of tax- 
payers, with practically no change 
from year to year even though in 1952 
the ceiling on contributions was raised 
from 15 per cent to 20 per cent, and 
in 1954 anther 10 per cent for gifts to 
churches, educational institutions and 
hospitals was added. 

There is increasing evidence to 
show that what is really needed for 
more private giving is a revision in 
tax treatment for contributions. Dr. 
Paul Klopsteg has stated the case suc- 
cinctly when he says: 


1Second Report to the President, The 
President’s Committee on Education Beyond 
the High School, Page 75. 
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The curious if not startling fact is that 
the tax laws operate to increase greatly 
the ability to give of those whose income 
makes them most able to give and to 
diminish drastically the ability to give of 
those whose income already renders that 
ability low. The cost of giving for per- 
sons with a maximum surtax rate of 20 
per cent is almost 9 times that for those 
at the 91l-per cent maximum. 

How does the disparity in the cost of 
the gift dollar arise? Consider one of 
the dollars given by the person whose 
highest surtax rate is 91 per cent. It is 
tax-free. But if he had not given it, gov- 
ernment would have taken 91 cents, leav- 
ing him 9 cents. Thus the dollar he 
gave cost him 9 cents. By like process, 
we find that the cost of the dollar for 
one whose highest rate is 20 per cent 
becomes 80 cents.? 

A revision in the tax laws to stimu- 
late contributions has by now been 
considered and is being recommended 
by a number of sources. The Presi- 
dent’s Committee on Education Be- 
yond the High School recommended * 
“that the Federal revenue laws be re- 
vised in ways which will even more 
strongly encourage larger contribu- 
tions from more individuals to edu- 
cational institutions. Partial credits 
against taxes due are a way to equal- 
ize the advantages in such giving be- 
tween larger and smaller incomes.” 

The National Science Foundation 
has made a similar recommendation 
in its recent report Basic Research, A 
National Resource. The report on 


2Paul E. Klopsteg, “How Shall We Pay 
for Research and Education,” Science, Nov. 
16, 1956. 

8 See Reference 1, Page 90. 
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Stimulating Voluntary Giving To 
Higher Education and Other Pro- 
grams prepared for the AAAS men. 
tioned earlier indicates that as much 
as $4.5 billion might be realized in 
philanthropic giving generally (in 
cluding churches, hospitals, etc. in 
addition to educational institutions) 
if an equalizing tax treatment plan for 
contributions were adopted. It is un- 
derstood that the AAAS itself has gone 
on record in favor of the principle of 
equalizing tax treatment. 

Based on this background, it is 
recommended that the General Coun- 
cil of the American Society for Engi- 
neering Education adopt the follow- 
ing resolution: 


Wuereas, it is abundantly evident 
that the funds provided for higher edu- 
cation, including engineering teaching 
and research, must increase substan- 
tially in the years ahead; and 


Wuereas, it is in the nation’s in- 
terest that voluntary contributions as 
well as public funds should be in- 
creased to provide the necessary sup- 
port; 


Now THEREFORE BE IT RESOLVED 
THAT 


Federal tax laws should be revised 
to encourage greater voluntary con- 
tributions to higher education by re- 
ducing the relative cost of giving for 
those with low incomes to that real- 
ized by high income taxpayers. 


Respectfully submitted, 


RayMonp J. Wooprow, 
Vice President for ECRC 








1. 49—No, 4 


ing To 
ver Pro- 
AS men- 
as much 
lized in 
ly (in. 

etc. in 
itutions) 
plan for 
It is un- 
has gone 
nciple of 


id, it is 
al Coun- 
or Engi- 
> follow- 


’ evident 
sher edu- 
teaching 
substan- 


| 

tion’s in- 
utions as 
1 be in- 
sary sup- 


RESOLVED 


e revised 
‘ary con- 
n_ by re- 
iving for 
hat real- 


ers. 
d, 


ROW, 
ECRC 








NEW MEMBERS OF ASEE 
As of October 10, 1958 


ALEXANDER, GERALD C., Assistant Pro- 
fessor of Electrical Engineering, Ore- 
gon State College, Corvallis, Ore. P. 
C. Magnusson, Louis N. Stone. E. E., 
Math. 

ARMSTRONG, ROBERT H., Academic Ad- 
visor, Installations Engineering School, 
Air Force Institute of Technology, 
Wright Patterson AFB, Ohio. Clay- 
ton M. Zieman, Vincent S. Haneman, 
jr. C.E.; 1. E. 

BasiLE, NorMAN K., Instructor in Engi- 
neering, New York State Maritime 
College, Bronx 65, N. Y. John J. 
Foody, Norman G. Wennagel. Tech I. 

BecxLEY, J. F., Associate Professor of 
Mechanical Engineering, Norwich Uni- 
versity, Northfield, Vt. Alex W. Luce, 
Walter D. Emerson. Engr. Graph; 
M. E. 

BenrorD, Harry, Associate Professor of 
Naval Architecture and Maritime En- 
gineering, University of Michigan, Ann 
Arbor, Mich. W. D. Mcllvaine, W. 
J. Emmons. Naval Arch.; Engr. Econ. 

BILLIET, WALTER E., Coordinator, Tech- 
nical Education, Henry Ford Com- 
munity College, Dearborn, Mich. 
Robert Kollin, John Ringelspaugh. 
Admr., Educ.; Tech. I. 

Brown, JAMEs H., Associate Professor of 
Engineering, University of Omaha, 
Omaha 1, Neb. Sylvester V. Williams, 
C. H. Prewett. Gen. E.; Engr. Graph. 

Camns, James R., Instructor in Engi- 
neering Drawing, University of Mich- 
igan, Ann Arbor, Mich. Herbert T. 
Jenkins, Frank H. Smith. Engr. 
Graph.; Mech. & Mat. 

Catcore, Lee R., Associate Professor of 
Engineering, Arlington State College, 


Arlington, Tex. George Elton Smith, 
Oscar Rex Whiteside. C. E.; Mech. 
& Mat. 


Carver, Cuarzes E., JR., Associate Pro- 
fessor of Civil Engineering, University 
of Massachusetts, Amberst, Mass. 


Joseph S. Marcus, George A. Marston. 
C. E.; Mech. & Mat. 

Cuaney, Natuan H., Instructor in Elec- 
trical Engineering, Denver University, 





Denver, Colo. Wilbur H. Parks, Clar- 
ence M. Knudson. E. E.; Math. 

CHAPMAN, JosEPH E., Instructor in Engi- 
neering, City College of San Francisco, 
San Francisco, Cal. Alfred E. Ed- 
strom, James F. Schon. Engr. Graph.; 
Math. 

Copo.a, FRANK C., Assistant Professor of 
Drafting, City College of New York, 
New York, New York. Frank A. Rap- 
polt, Harold V. Walsh. Engr. Graph. 

Cron, Rosert E., Jr., Assistant Professor 
of Engineering, Arizona State College, 
Tempe, Ariz. Lee P. Thompson, G. 
C. Beakley. 

Crow.ey, Ciype A., Professor of Engi- 
neering, Arizona State College, Tempe, 
Ariz. Lee P. Thompson, G. C. 
Beakley. 

DanrEL, Dana E., Instructor in Civil 
Engineering, University of Arkansas, 
Fayetteville, Ark. Geo. F. Branigan, 
Loren R. Heiple. C. E.; Arch. E. 

DeEMBNER, EL.iot, Instructor in Engi- 
neering Drawing, New York Univer- 
sity, University Heights, New York 53, 
N. Y. Irwin Wladaver, L. O. Johnson. 
Engr. Graph. 

p Eticny, Enrique, Director, Escuela de 
Ingenieria, Universidad de Chile, San- 
tiago, Chile. W. T. Alexander, W. 
Leighton Collins. Admr. Educ. 

DeEVERSE, JOsEPH L., Assistant Professor, 
Milwaukee School of Engineering, Mil- 
waukee 1, Wis. Thomas I. Lyon, 
Arvid W. Carlson. Tech. I. 

DitswortH, Ricuarp L., Instructor in 
Mechanical Engineering, Michigan 
State University, East Lansing, Mich. 
Glenn Murphy. L. C. Price. Mech. 
E.; Mech. & Mat. 

Dovutet, Dan C., Assistant Professor of 
Industrial Engineering, University of 
Tennessee, Knoxville, Tenn. Howard 
L. Loveless, Howard P. Emerson. 
I. E.; Text. Engr. 

DuBEnskKY, RoBert G., Instructor in Me- 
chanical Engineering, University of 
Kansas, Lawrence, Kan. George W. 
Forman, Edw. J. McBride, J.D. M. E. 
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ENFIELD, JOHN W., Assistant Professor of 
Engineering, Chico State College, 
Chico, Calif. Russell L. Freemyers, 
Carroll A. Curtis. C. E. (Surv.); 
Engr. Graph. 

Func, Sur AN, Assistant Professor of En- 
gineering, Evansville College, Evans- 
ville 14, Ind. Lewis D. Conta; James 
B. Hartman. M. E. 

GEARING, CHARLES E., Director of Engi- 
neering Extension, Alabama Polytech- 
nic Institute, Auburn, Ala. Fred H. 
Pumphrey, Earl I. Brown II. Coord. 
of Coop. Engr. 

Gesunp, Hans, Assistant Professor of 
Civil Engineering, University of Ken- 
tucky, Lexington, Ky. David K. 
Blythe, Laurence C. Pendley. C. E.; 
Mech. & Mat. 

Giower, Donatp D. Assistant Profes- 
sor of Engineering Drawing, Iowa 
State College, Ames, Iowa. J. S. Ris- 
ing, Glenn Murphy. Engr. Graph. 

Guucx, SAMUEL E., Instructor, New 
School for Social Research, School of 
Politics, and Adjunct Instructor in 
Philosophy, Rutgers University, New 
Brunswick, N. J. J. M. Garrelts, W. J. 
Hennessy. Hum.-Soc.; Min. Tech. 

Guy, ALBERT G., Professor of Metal- 
lurgical Engineering, Purdue Univer- 
sity, Lafayette, Ind. R. A. Morgen, 
R. Schuhmann, Jr. Min. Tech.; Mech. 
& Mat. 

Harroip, Ray A., Manager of Educa- 
tion, Scully-Jones and Company, 1901 
S. Rockwell St., Chicago 8, Ill. Ber- 
nard R. Better, W. Leighton Collins. 
Adm. Ind.; Hum.-Soc. 

Hersst, JOHN J., Instructor in Engineer- 
ing Drawing, New York University, 
University Heights, Bronx 53, N. Y. 
L. O. Johnson, Irwin Wladaver. Engr. 
Graph. 

Hitt, Ricwarp F., Instructor in Elec- 
trical Engineering, University of Wis- 
consin, Madison 5, Wis. T. J. Hig- 
gins, R. A. Ragatz. E. E.; Nuclear 
Engr. 

HirscHFELD, RoNAtp C., Instructor in 
Engineering and Applied Physics, Har- 
vard University, Cambridge 38, Mass. 
Albert Haertlein, Arthur Casagrande. 

C. E.; Mech. & Mat. 
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Houston, Harotp T., Assistant Profes. 
sor of Engineering, Evansville College, 
Evansville, Ind. W. O. Hartaaw, E, 
C. Susat. Engr. Graph.; I. E. 

JoHNnson, Rosert Irvine, Associate Pro. 
fessor of Industrial Arts, Mankato State 
College, Mankato, Minn. William C, 
Kleinhenz, Richard Springer. Engr, 
Graph.; Shop & Mech. Arts. 

Jones, Cuartes A., President, College 
Division, Charles E. Merrill Books, 
Inc., Columbus 16, Ohio. W. T. 
Alexander, W. Leighton Collins. Adm. 
Indus. 

KREBSBACH, VERN A., Instructor in Tech. 
nical Institutes, Henry Ford Commu. 
nity College, Dearborn, Mich. Robert 
Kollin, Jr., John H. Ringelspaugh. 
Tech. I.; Engr. Graph. 

LAVELLE, FRANcis H., Associate Profes- 
sor of Civil Engineering, University of 
Rhode Island, Providence, R. I. Ken- 
dall Moultrop, T. Stephen Crawford. 
C. E.; Mech. & Mat. 

LENNOX, WILLIAM R., Instructor in En- 
gineering, Los Angeles City College, 
Los Angeles, Cal. Stanley R. Hall, 
Bruce W. Martin. 

Luco, LEonER A., Associate Professor of 
Mechanical Engineering, University of 
Puerto Rico, Mayaguez, Puerto Rico, 
Carlos R. Garrett, F. Gonzalez-Man- 
dry. M.E. 

MANNING, THoMas A., Jr., Instructor in 
Engineering Mechanics, Louisiana 
State University, Baton Rouge 3, La. 
Dale R. Carver, F.J.Germano. Mech. 
& Mat. 

Marmion, KertuH R., Assistant Professor 
of Civil Engineering, Texas Techno- 
logical College, Lubbock, Tex. J. H. 
Murdough, Donald J. Helmers. C. E. 
(Hydr. & Sanit.); Mech. & Mat. 

MarTIN, Rospert Lewis, Graduate In- 
structor in Mechanical Engineering, 
Ohio University, Athens, Ohio. E. J. 
Taylor, Paul H. Black. M. E.; Mech. 
& Mat. 

Moore, Hastincs, Instructor in Applied 
Mathematics, University of Colorado, 
Boulder, Colo. C. L. Eckel, Paul E. 
Bartlett. Math. 

McMiiaN, Joun H., Instructor in Civil 

Engineering, Clarkson College 

Technology, Potsdam, N. Y. Robert 
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Jan., 1959 NEW MEMBERS OF ASEE 
A. Wyant, Arthur L. Straub. C. E.; 
Mech. & Mat. 

NEWELL, RoBerT H., Assistant Professor 
of Electrical Engineering, Louisiana 
Polytechnic Institute, Ruston, La. 
Arthur C. Thigpen, Milton R. John- 
son, Jr. E. E. 

Nunn, WaRREN R., Chairman of Math- 
ematics and Engineering, Antelope 
Valley College, Lancaster, Cal. W. T. 
Alexander, W. Leighton Collins. 
Math.; Mech. & Mat. 

PeasE, SHERMAN L., Manager of Tech- 
nical Training, Shell Development 
Company, 3737 Bellaire Blvd., Hous- 
ton 25, Tex. Lymon C. Reese, Shirley 
A. Lynch. Adm. Ind., Min. Tech. 
(Petrol. ) 

Perry, Lewis E., Dean of Academic In- 
struction, Norwich University, North- 
field, Vermont. Walter D. Emerson, 
Alex W. Luce. Adm. Educ.; Hum.- 
Soc. 

PETERSON, DONALD E., Instructor in Elec- 
trical Engineering, North Dakota State 
College, Fargo, N. Dak. Eivind Hor- 
vik, Edwin M. Anderson. E. E.; Phys. 

Potties, DEAN N., Instructor in Engi- 
neering, Mesa Junior College, Clifton, 
Colo. Eugene L. Grant. Joseph B. 
Franzini. Gen. E.; I. E. 

Pizzinusso, JosEPH F., Assistant Profes- 
sor of Mechanical Engineering, The 
Cooper Union, Cooper Square, New 
York 3, N. Y. Edward M. Griswold, 
Kenneth E. Lofgren. M. E. 

PoorE, DANIEL M., Assistant Professor 
of Industrial Engineering, University 
of Pittsburgh, Pittsburgh, Pa. Albert 
G. Holzman, W. R. Turkes. I. E.; 
Engr. Econ. 

Reapio, JoEL, Instructor in Engineering, 
Stockton College, Stockton, Cal. Vic- 
tor P. Remillard, Herbert E. Welch. 

REDMOND, PETER M., Assistant Instructor 
of Engineering, State University Mari- 
time College, Bronx 65, N. Y. John J. 
Foody, Thomas H. Bond. Tech. I. 

Rexorr, Micuaet G., Jr., Instructor in 
Electrical Engineering, University of 
Wisconsin, Madison 5, Wis. Thomas 
J. Higgins, R. A. Ragatz. E. E.; Math. 

Rouuins, Ratpu L., Professor of Civil 
Engineering, Brigham Young Univer- 
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sity, Provo, Utah. D. K. Fuhriman, 
H. Hodson. C. E. 

Roy, LeELanp F., Professor of Chemical 
Engineering, University of Mississippi, 
University, Miss. Howard L. Furr, 
Frank A. Anderson. Chem. E. 

Rurr, Pavuu F., Assistant Professor of 
Engineering, Arizona State College, 
Tempe, Ariz. Guy C. Beakley, Lee P. 
Thompson. C. E. (Hydr. San.). 

RYCKMAN, SEYMOUR J., Professor of Civil 
Engineering, University of Maine, 
Orono, Maine. Frank M. Taylor, Otis 
J. Sproul. C. E. 

Ryper, KENNETH G., Dean of Adminis- 
tration, Northeastern University, Bos- 
ton 15, Mass. William T. Alexander, 
William C. White. Adm. Educ. 

Sapeca, Aucust E., Assistant Professor 
of Engineering, Trinity College, Hart- 
ford, Conn. Theodore R. Blakeslee, 
Harold J. Lockwood. 

SmiTH, RatpH D., Assistant Professor 
of Mechanical Engineering, Ohio Uni- 
versity, Athens, Ohio. E. J. Taylor, 
Paul H. Black. I. E.; M. E. 

STANLEY, WILLIAM J., Instructor in Me- 
chanical Engineering, University of Il- 
linois, Navy Pier, Chicago 11, Ill. Ed- 
ward H. Coe, A. C. Cobb. M. E. 

STEGMAN, GeorcE K., Assistant Profes- 
sor and Chairman of Engineering 
Drawing, West Virginia Institute of 
Technology, Montgomery, West Va. 
L. C. Nelson, Maynard E. Hall. Engr. 
Graph.; Shop & Mech. Arts. 

Tuomas, Davin, Manager of College 
Relations, The Goodyear Tire and 
Rubber Company, Akron 16, Ohio. 
W. T. Alexander, W. Leighton Collins. 
Adm. Indus.; Chem. E. 

THOMPSON, CHARLES E., Assistant Pro- 
fessor of Industrial Engineering, Okla- 
homa State University, Stillwater, 
Okla. Earl J. Ferguson, W. J. Bentley, 
I. E.; Math. 

Trepitt, Frank W., Assistant Professor 
of Industrial Engineering, Southern 
Methodist University, Dallas 5, Tex. 
C. H. Shumaker, I. W. Santry, Jr. 
I. E.; Math. 

TRUESDALE, FRANK E., Instructor in 
Graphic Science, Northeastern Univer- 
sity, Boston 15, Mass. Robert L. 
Lang, Gustav Rook. Engr. Graph. 
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Unnic, Rosert E., Associate Professor 
of Nuclear Engineering, Iowa State 
College, Ames, Ia. Glenn Murphy, 
A. H. Hausrath. Mech. & Mat.; Nu- 
clear Engr. 

Wa..ace, CHar_Es E., Assistant Profes- 
sor of Engineering Science, Arizona 
State College, Tempe, Ariz. Guy C. 
Beakley, Lee P. Thompson. 

WakNER, Epwin G., Senior Instructor in 
Mathematics and Science, Mohawk 
Valley Technical Institute, Utica, N. Y. 
Charles A. Higgerson, Benjamin G. 
Davis. Tech. I. 

Wess, Martin L., Associate Professor 
of Electrical Engineering, Norwich 
University, Northfield, Vermont. Har- 
old A. Maxfield, Philip M. Seal. E. E. 

Wiccins, PETER F., Assistant Instructor 
of Engineering, State University Mari- 
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time College, Bronx 65, N. Y. John], 
Foody, Thomas H. Bond, M. E.; Shop 
& Mech. Arts. 

Zoss, LesL1E M., Assistant Professor of 
Mechanical Engineering, Valparaiso 
University, Valparaiso, Ind. Herman 
C. Hesse, Fred W. Kruger. M. E; 
E. E. 

ZuBALY, RosBerT B., Assistant Professor 
of Engineering, New York State Mate 
time College, Bronx 65, N. Y. John 
J. Foody, Thomas H. Bond. Naval 
Arch.; Mech. & Mat. 


76 new members this list 
124 new members previously added this 
fiscal year 


200 new members this fiscal year 


(Continued from page 373) 


John Gammell, Treasurer of A 
received his B.S. degree from 
University of Washington, Seattle, in 
1928. He soon joined the ; 
Chalmers Manufacturing crane 
where he currently is Director 
Graduate Training. : 

Mr. Gammell has been associated 
steadily with Allis-Chalmers, as grat 
uate student, sales representative, ali 
Supervisor of Sales Training. Through 
out, he has also been interested in 
ganizations and committees associ 
with professional education and | 
velopment. 

For three years during World 
II, he served in Washington as 
of the Electrical Equipment B 
for the War Production Board. 
has been a member of ASEE si 
1949, is a registered professional en 
neer, and is active in other soci 


including AIEE, ASME, and NSPE. 
4 








